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NOTE TO AUTHORS OF PROSPECTIVE ENTRIES:
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included in the bibliography, use the words Space Station Systems somewhere in your title or abstract,
or include them as a key word.

This supplement is available from the National Technical Information Service (NTIS), Springfield , Virginia
22161 at the price code A15.



INTRODUCTION

This bibliography is designed to be helpful to the researchers, designers, and managers
engaged in the design and development of technology, configurations, and procedures that
enhance efficiencies of current and future versions of a Space Station.

This literature survey lists 1313 reports, articles and other documents announced be-
tween January 1, 1989 and June 30, 1989 in Scientific and Technical Aerospace Reports
(STAR), and International Aerospace Abstracts (IAA).

The coverage includes documents that define major systems and subsystems, servicing
and support requirements, procedures and operations, and missions for the current and fu-
ture Space Station. In addition, analytical and experimental techniques and mathematical
models required to investigate the different systems/subsystems and conduct trade studies
of different configurations, designs, and scenarios are included. A general category com-
pletes the list of subjects addressed by this document.

The selected items are grouped into categories as listed in the Table of Contents with
notes regarding the scope of each category. These categories were especially selected for
this publication and differ from those normally found in STAR and 1AA.

Each entry consists of a standard bibliographic citation accompanied by an abstract,
where available, and appears with the original accession numbers from the respective an-
nouncement journals.

Under each of the categories, the entries are presented in one of two groups that appear
in the following order:

(1) /AA entries identified by accession number series A89-10,000 in ascending accession

number order;

(2) STAR entries identified by accession number series N89-10,000 in ascending acces-

sion number order.

After the abstract section there are seven indexes—subject, personal author, corporate
source, foreign technology, contract number, report number, and accession number.

A companion continuing bibliography, “Technology for Large Space Structures,” is avail-
able as NASA SP-7046.

George F. Lawrence, Space Station Office
John J. Ferrainolo, Technical Library Branch



TABLE OF CONTENTS

Category 01 Systems
Includes system requirements for proposed missions, mission models, overall con-
ceptual configuration and arrangement studies; systems analyses for future re-
quired technology; and identification and description of technology developments
and experiments for the elements of a complete Space Station system.

Category 02 Models, Analytical Design Techniques, and Environmental Data
Includes descriptions of computerized interactive systems design and development
techniques, computer codes, internal and external environmental models and data.

Category 03 Structural Concepts
Includes analyses and descriptions of different Space Station structural concepts,
arrangements, testing, methods of construction and/or manufacturing and specific
rotary joints, structural nodes, and columns.

Category 04 Thermal Control
Includes descriptions of analytical techniques, passive and active thermal control
techniques, external and interna! thermal experiments and analyses and trade
studies of thermal requirements.

Category 05 Environmental Control and Life Support Systems
Includes description of analytical techniques and models, trade studies of
technologies, subsystems, support strategies, and experiments for internal and
external environmental control and protection, life support systems, human factors,
life sciences and safety.

Category 06 Dynamics and Controls
Includes descriptions of analytical techniques and computer codes, trade studies,
requirements and decriptions of orbit maintenance systems, rigid and flexible body
attitude sensing systems and controls such as momentum wheels and/or propulsive
schemes.

Category 07 Power
Includes descriptions of analyses, systems, and trade studies of electric power
generation, storage, conditioning and distribution.

Category 08 Electronics
Includes descriptions of analytical techniques, analyses, systems, and require-
ments for internal and external communications, electronics, sensors for position
and systems monitoring and antennas.

Category 09 Propulsion/Fluid Management
Includes descriptions, analyses, and subsystem requirements for propellant/fluid
management, and propulsion systems for attitude control and orbit maintenance
and transfer for the station and supporting elements such as the OMV and oTVv.

Category 10 Mechanisms, Automation, and Artificial Intelligence
Includes descriptions of simulations, models, analytical techniques, and require-
ments for remote, automated and robotic mechanical systems.

Category 11 Materials
Includes mechanical properties of materials, and descriptions and analyses of
different structural materials, films, coatings, bonding materials, and descriptions
of the effects of natural and induced space environments.
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Category 12 Information and Data Management 113
Includes descriptions, requirements, and trade studies of different information and
data system hardware and software, languages, architecture, processing and stor-
age requirements for managing and monitoring of different systems and subsys-
tems.

Category 13 Accommodations 128
Includes descriptions of simulations, analyses, trade studies, and requirements for
safe efficient procedures, facilities, and support equipment on the ground and in
space for processing, servicing, verification and checkput of cargo and equipment.

Category 14 Growth 132
includes descriptions of scenarios, analyses and system technology requirements
for the evolutionary growth of the Space Station system.

Category 15 Missions, Tethers, and Platforms 140
Includes descriptions and requirements of missions and tethers onboard the Space
Station and platforms that are either co-orbiting with the Space Station, in polar
orbit, or in geosynchronous orbit and which are part of the Space Station system.

Category 16 Operations, Support 148
Includes descriptions of models, analyses and trade studies of maneuvers, perfor-
mance, support, and EVA and/or IVA servicing requirements of Space Station
systems such as the OMV and OTV, and experiments.

Category 17 Space Environment 156
Includes description of the space environment and effects on Space Station sub-
systems. Includes requirements of Space Station to accommodate this environ-
ment.

Category 18 International 169
Includes descriptions, interfaces and requirements of international payload sys-
tems, subsystems and modules considered part of the Space Station system and
other international Space Station activities such as the Soviet Salyut.

Category 19 Support Spacecraft 179
Includes design, analysis, requirements, trade studies and simulations of Space
Station support spacecraft including the orbital transfer vehicle (OTV) and the
orbitai maneuvering vehicle (OMV).

Catefory 20 Life Sciences/Human Factors/Safety 181
includes studies, models, planning, analyses and simulations for biological and
medical laboratories, habitability issues for the performance and well-being of the
crew, and crew rescue.

Category 21 General 187
Includes descriptions, analyses, trade studies, commercial opportunities, published
proceedings, seminars, hearings, historical summaries, policy speeches and state-
ments that have not previously been included.
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TYPICAL REPORT CITATION AND ABSTRACT

NASA SPONSORED
ON MICROFICHE
CORPORATE SOURCE

ACCESSION NUMBER ——=N89-18007*# McDonnell-Douglas Astronautics Co., Huntington
Beach, CA.
TITLE —— SPACE STATION FUNCTIONAL RELATIONSHIPS ANALYSIS
Final Technical Report e
AUTHORS ——THOMAS S. TULLIS and BARBRA R. BIED Aug. 1988 112 p
CONTRACT NUMBER ——- (Contract NAS2-11723)
REPORT NUMBERS — (NASA-CR-177497; NAS 1.26:177497: MDC-H3068) Avail: NTIS <———— AVAILABILITY SOURCE
HC A06/MF A0t CSCL 05/9
o

A systems engineering process is developed to assist Space Sta-
tion designers to understand the underlying operational system of
the facility so that it can be physically arranged and configured to
support crew productivity. The study analyzes the operationai system
proposed for the Space Station in terms of mission functions, crew
activities, and functional relationships in order to develop a quantita-
tive model for evaluation of interior layouts, configuration, and traffic
analysis for any Station configuration. Development of the model
involved identification of crew functions, required support equipment,
criteria of assessing functional relationships, and tools for analyzing
functional relationship matrices, as well as analyses of crew transition
frequency, sequential dependencies, support equipment require-
ments, potential for noise interference, need for privacy, and overall
compatability of functions. The model can be used for analyzing crew
functions for the Initial Operating Capability of the Station and for
detecting relationships among these functions. Note: This process
(FRA) was used during Phase B design studies to test optional layouts
of the Space Station habitat module. The process is now being auto-
mated as a computer model for use in layout testing of the Space
Station laboratory modules during Phase C. Author

PUBLICATION DATE

COSATI CODE

TYPICAL JOURNAL ARTICLE CITATION AND ABSTRACT

NASA SPONSORED

CORPORATE SOURCE

ACCESSION NUMBER ——— A89-19321* Colorado Univ., Boulder,
TITLE ——— IUE-IRAS STUDIES OF THE INFRARED CIRRUS
AUTHORS ——— MICHAEL E. VAN STEENBERG and J. MICHAEL SHULL
{Colorado, University; Joint Institute for Laboratory Astrophysics, «——— AUTHORS’ AFFILIATION
Boulder) Astrophysical Journal, Part 1 (ISSN 0004-637X), vol. 335,
JOURNAL DATE ——— Dec. 1, 1988, p. 197-214. refs ~—— — JOURNAL TITLE
CONTRACT NUMBER ———— (Contract NAS5-28731 JPL-957254; NAGS5-193)
The 60 and 100 micron cirrus emission around 256 lines of sight
in the IRAS all-sky survey was measured, and the flux averages were
used to study the distribution, variations, and correlations of the IRAS
infrared cirrus fluxes with various interstellar parameters. It was found
that the 60 and 100 micron fluxes correlate with the depletion of Si
and show a trend with the depletion of Fe for 51 lines of sight toward
the Galactic halo. No correlation was found with the abundances of
Si. Mn, Fe, S, or Zn or with abundance ratios for the full sample of
256 stars. An abundance ratio of about 3 x 10 to the 7th by number
relative to H was derived from 60 and 100 micron flux ratios and the
H column along the line of sight; this ratio appears to decrease by a
factor of 10 into the halo. 1.S.

Vi
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A Bibliography (Suppl. 9)

01
SYSTEMS

Includes system requirements for proposed missions, mission
models, overall conceptual configuration and arrangement studies;
systems analyses for future required technology; and identification
and description of technology developments and experiments for
the elements of a complete Space Station system.

AB9-10486

SPACE-FLIGHT PERSPECTIVES - GUIDING PRINCIPLES FOR
TECHNOLOGICAL RESEARCH AND DEVELOPMENT
[PERSPEKTIVEN DER RAUMFAHRT - LEITKONZEPTE FUER
TECHNOLOGISCHE FORSCHUNG UND ENTWICKLUNG]

D. E. KOELLE (Messerschmitt-Boelkow-Blohm GmbH, Ottobrunn,
Federal Republic of Germany) IN: Yearbook 1987 |; DGLR,
Annual Meeting, Berlin, Federal Republic of Germany, Oct. 5-7,
1987, Reports. Bonn, Deutsche Gesellschaft fuer Luft- und
Raumfahrt, 1987, p. 11-14. In German.

(DGLR PAPER 87-071)

The fundamental goals laid out in the FRG Planning Framework
for High Technology and Space Flight (OHR) are examined and
illustrated with block diagrams and drawings of proposed
spacecraft. The need for long-term planning and coordination on
a national level is stressed, and particular attention is given to
orbital systems and infrastructure (participation in the International
Space Station, polar and GEO platforms, and lunar stations) and
space transportation systems (heavy cargo vehicle, hypersonic
transport, manned launch vehicle, OTV concepts, and lunar
lander). T.K.

A89-10650

STRUCTURE DESIGN CONSIDERATIONS OF ENGINEERING
TEST SATELITE VI AS LARGE GEOSTATIONARY SATELLITE
BUS

HIDEHIKO MITSUMA (National Space Development Agency of
Japan, Tokyo) IN: International Pacific Air and Space Technology
Conference, Melbourne, Australia, Nov. 13-17, 1987, Proceedings.
Warrendale, PA, Society of Automotive Engineers, Inc., 1988, p.
281-285.

(SAE PAPER 872431)

The paper considers aspects of the structural design of the
Japanese Engineering Test Satellite VI as a large geostationary
satellite bus for applications satellites in the 1990s. Particular
attention is given to the characteristics of the antenna tower
structure, the solar array hold-down points, and the
apogee-kick-engine support structure. In addition, the test plan of
the structural research model is presented. B.J.

AB9-11346
FLUID-SCIENCE INVESTIGATIONS IN MICROGRAVITY
J. P. B. VREEBURG (Nationaal Lucht- en Ruimtevaartlaboratorium,
Amsterdam, Netherlands) IN: Microgravity research - Status and
prospects; Proceedings of the SRON Symposium, Utrecht,
Netherlands, Apr. 2, 3, 1987. Utrecht, Space Research Organization
Netherlands, 1987, p. 59-75. refs

Four classes of fluid-science investigations in microgravity are

NOVEMBER 1989

discussed: molecular physics, thermodynamic and transport
coefficients, classical heat and mass transfer, and fluid mechanics.
The realization of experiments in space is addressed with attention
given to a fluid-science laboratory concept for Columbus. Means
of reducing costs and strengthening the authority of investigators
are suggested. K.K.

AB89-12247* National Aeronautics and Space Administration.
Goddard Space Flight Center, Greenbelt, MD.
ATOMIC OXYGEN MODELING IN THE UPPER
THERMOSPHERE
A. E. HEDIN (NASA, Goddard Space Flight Center, Greenbelt,
MD) Planetary and Space Science (ISSN 0032-0633), vol. 36,
Sept. 1988, p. 907-920. refs

Empirical models of atomic oxygen in the earth’s thermosphere
are discussed, and calibration problems in satellite drag and in
situ mass spectrometer measurements are reviewed. Models based
on drag data and mass spectrometer data are found to agree on
average to within 15 percent, suggesting that the absolute values
are reasonably well known in the upper thermosphere. Comparison
of different models with various data sources show residuals of at
least 15 percent which are the results of unmodeled magnetic
storm, EUV, and geographical variations and smaller scale
variations caused by gravity waves. R.R.

AB9-12626
ASTRODYNAMICS 1987; PROCEEDINGS OF THE AAS/AIAA
ASTRODYNAMICS CONFERENCE, KALISPELL, MT, AUG.
10-13, 1987. PARTS 1 & 2
JOHN K. SOLDNER, ED. (Science Applications International Corp.,
Schaumburg, IL), ARUN K. MISRA, ED. (McGill University, Montreal,
Canada), ROBERT E. LINDBERG, ED. (Orbital Sciences Corp.,
Fairfax, VA), and WALTON WILLIAMSON, ED. (Sandia National
Laboratories, Albuquerque, NM) Conference sponsored by AAS
and AIAA. San Diego, CA, Univelt, Inc., 1988, p. Pt. 1, 870 p.; pt.
2, 919 p. For individual items see A89-12627 to A89-12715.
Papers on astrodynamics are presented, concerning space
transportation, LEO orbit determination, optimal control, gravity
assist missions, precise orbit determination, multibody dynamics
and tethered satellite, the NASA Mars exploration program,
semianalytic satellite theory. NORAD programs, structural
identification and control, planetary mission and payload analysis,
celestial mechanics, satellite debris and orbit decay, the dynamics
and control of rotating structures, outer planetary exploration, and
attitude dynamics are also discussed. Other topics include satellite
constellations and the GPS system, inner planetary exploration,
attitude control, orbit analysis and synthesis, future mission studies,
tracking and orbit determination, orbital dynamics, geosynchronous
and high altitude orbit analysis, satellite drag coefficients, and
rendezvous, intercept, and evasive maneuvers. R.B.

A89-14751

MECHANICS AND SCIENTIFIC-TECHNOLOGICAL PROGRESS.
VOLUME 1 - GENERAL AND APPLIED MECHANICS
[MEKHANIKA | NAUCHNO-TEKHNICHESKII PROGRESS.
VOLUME 1 - OBSHCHAIA 1 PRIKLADNAIA MEKHANIKA}

A. IU. ISHLINSKIl, ED., N. N. KRASOVSKIl, ED. V. V.
RUMIANTSEYV, ED., and V. N. RUBANOVSKII, ED.  Moscow,
lzdatel’'stvo Nauka, 1987, 296 p. In Russian. For individual items
see A89-14752 to AB9-14763.



01 SYSTEMS

The papers presented in this volume provide an overview of
recent research related to a variety of problems in theoretical and
applied mechanics. Topics discussed include asymptotic methods
in nonlinear mechanics, absolute stability of nonlinear periodic
systems, computer algebra methods in mechanics problems, and
inverse problems in the dynamics of controlled systems. The
discussion also covers game theory problems concerned with the
estimation of motion parameters in the presence of nonmodeled
accelerations, dynamics of tethered space systems, and trajectory
control problems. V.L.

AB9-15645

DESIGN OF SPACECRAFT VERIFIED BY TESTIN A
MODULAR FORM

EBERHARD ERBEN (MBB/ERNO Raumfahrttechnik GmbH,
Bremen, Federal Republic of Germany) and C. STAVRINIDIS (ESA,
European Space Research and Technology Centre, Noordwijk,
Netherlands)  IN: International Modal Analysis Conference, 6th,
Kissimmee, FL, Feb. 1-4, 1988, Proceedings. Volume 2. Bethel,
CT, Society for Experimental Mechanics, Inc., 1988, p. 1721-1729.
Sponsorship: European Space Research and Technology Centre.
refs

(Contract ESTEC-6891/85/NL/PH(SC))

A modular verification procedure is described whereby the
identification and qualification testing of a complete mechanical
structure is performed on the modular segment level rather than
on the integrated assembly level. The reliability of the modular
verification procedure depends to a great extent on the quality of
the analytical models describing the modular segments and forming
the basis for the synthesis of the integrated assembly model.
Synthesis methods for different data sets are examined. V.L.

AB9-16541#

SPACE STATION - DESIGNING FOR OPERATIONS AND
SUPPORT

JAMES T. KAIDY, WILLIAM G. BASTEDO, JR. (Booz, Allen and
Hamilton, Inc., Bethesda, MD), and THOMAS M. CRABB
Aerospace America (ISSN 0740-722X), vol. 26, Nov. 1988, p.
18-20.

Design priorities resulting in such characteristics as modularity,
orbital servicing and maintenance, standardized elements, and
streamlined procedures, are being brought to bear on the definition
of the NASA Space Station. Attention is presently given to the
consequence of these design concerns for the multivariable
optimization problem posed by the Space Station's on-orbit
assembly sequence; the Station’s hardware design requirements
are driven by the assembly sequence defined. O.C.

AB9-17627#

CONCEPTUAL DESIGN OF PLATFORMS IN 1990°’S

T. TAKAGI, N. TSUYA, and H. OBARA (Mitsubishi Electric Corp.,
Space Systems Dept., Kamakura, Japan) IAF, International
Astronautical Congress, 39th, Bangalore, India, Oct. 8-15, 1988.
12 p.

(IAF PAPER 88-0004)

The technologies for the space platforms and the space
servicers of the Space Infrastructure are reviewed. Technologies
for rendezvous and docking, in-orbit services, and autonomous
operation and control are discussed. The development of an
Advanced Technology Coordinating Platform (ATCP) and an Orbital
Servicing Vehicle (OSV) is proposed to demonstrate these
technologies. The mission requirements, system requirements, and
system concept of the ATCP and OSV are presented. R.B.

AB9-17658"# NASA Space Station Program Office, Reston, VA.
SPACE STATION DESIGN INTEGRATION
RICHARD F. CARLISLE (NASA, Space Station Freedom Program
Office, Reston, VA) IAF, International Astronautical Congress,
39th, Bangalore, India, Oct. 8-15, 1988. 7 p.
(IAF PAPER 88-063)

This paper discusses the top Program level design integration
process which involves the integration of a US Space Station
manned base that consists of both US and international Eiements.

2

It explains the form and function of the Program Requirements
Review (PRR), which certifies that the program is ready for
preliminary design, the Program Design Review (PDR), which
certifies the program is ready to start the detail design, and the
Critical Design Review (CDR), which certifies that the program is
completing a design that meets the Program objectives. The paper
also discusses experience, status to date, and plans for continued
system integration through manufacturing, testing and final
verification of the Space Station system performance. Author

AB9-17669"# NASA Space Station Program Office, Reston, VA,
INTERNATIONAL INTERFACE DESIGN FOR SPACE STATION
FREEDOM - CHALLENGES AND SOLUTIONS

RICHARD E. MAYO (NASA, Reston, VA), GORDON R. BOLTON,
and DANIELE LAURIN! (ESA, European Space Research and
Technology Centre, Noordwijk, Netherlands)  IAF, International
Astronautical Congress, 39th, Bangalore, India, Oct. 8-15, 1988.
13 p.

(IAF PAPER 88-085)

The definition of interfaces for the international Space Station
is discussed, with a focus on negotiations between NASA and
ESA. The program organization and division of responsibilities for
the Space Station are outlined; the basic features of physical and
functional interfaces are described; and particular attention is given
to the interface management and documentation procedures,
architectural control elements, interface implementation and
verification, and examples of Columbus interface solutions
(including mechanical, ECLSS, thermal-control, electrical,
data-management, standardized user, and software interfaces).
Diagrams, drawings, graphs, and tables listing interface types are
provided. T.

AB89-19321" Colorado Univ., Boulder.

IUE-IRAS STUDIES OF THE INFRARED CIRRUS

MICHAEL E. VAN STEENBERG and J. MICHAEL SHULL
{Colorado, University; Joint Institute for Laboratory Astrophysics,
Boulder)  Astrophysical Journal, Part 1 (ISSN 0004-637X), vol.
335, Dec. 1, 1988, p. 197-214. refs

(Contract NAS5-28731; JPL-957254; NAG5-193)

The 60 and 100 micron cirrus emission around 256 lines of
sight in the IRAS all-sky survey was measured, and the flux
averages were used to study the distribution, variations, and
correlations of the IRAS infrared cirrus fluxes with various
interstellar parameters. It was found that the 60 and 100 micron
fluxes correlate with the depletion of Si and show a trend with
the depletion of Fe for 51 lines of sight toward the Galactic halo.
No correlation was found with the abundances of Si, Mn, Fe, S,
or Zn or with abundance ratios for the full sample of 256 stars.
An abundance ratio of about 3 x 10 to the 7th by number relative
to H was derived from 60 and 100 micron flux ratios and the H
column along the line of sight; this ratio appears to decrease by
a factor of 10 into the halo. 1.S.

A89-25161"#  National Aeronautics and Space Administration.
Ames Research Center, Moffett Field, CA.
CONSERVATION OF DESIGN KNOWLEDGE
CECILIA SIVARD, MONTE ZWEBEN (NASA, Ames Research
Center, Moffett Field, CA), DAVID CANNON, FRED LAKIN, LARRY
LEIFER (Stanford University, Palo Alto, CA) et al. AIAA, Aerospace
Sciences Meeting, 27th, Reno, NV, Jan. 9-12, 1988, 7 p. refs
(Contract NCC2-342)
(AIAA PAPER 89-0186)

This paper presents an approach for acquiring knowledge about
a design during the design process. The objective is to increase
the efficiency of the lifecycle management of a space-borne system
by providing operational models of the system’s structure and
behavior, as well as the design rationale, to human and automated
operators. A design knowledge acquisition system is under
development that compares how two alternative design versions
meet the system requirements as a means for automatically
capturing rationale for design changes. Author



A89-25198# Houston Univ., TX.

PROPOSED THIN FILM GROWTH IN SPACE ULTRA-VACUUM
- INTEGRATED SEMICONDUCTOR-SUPERCONDUCTOR
MATERIALS

A. IGNATIEV, A. BENSAOULA, and J. HUGHES (Houston,
University, TX)  AIAA, Aerospace Sciences Meeting, 27th, Reno,
NV, Jan. 9-12, 1989. 4 p. Research supported by NASA and
DARPA. refs

(AIAA PAPER 89-0231)

The epitaxial growth of high quality compound semiconductors
has been previously proposed for the ultra-vacuum environment
made possible in low earth orbit space through the development
of a wake shield. The expectation of compound semiconductor
thin films with low defect densities grown in this environment, and
recent indications that atomic oxygen can be effective in the growth
of thin film high temperature superconductors with superior
characteristics, call for the integration of thin film semiconductor
and thin fim high temperature superconductor materials in the
unique vacuum environment of space. The merger of the two
technologies is critical for the effective application of the new
superconductor materials which are expected to be first seen in
the thin film arena. Author

AB9-25212*#  National Aeronautics and Space Administration.
Goddard Space Flight Center, Greenbelt, MD.

EOS MISSION DESIGN UTILIZING THE SPACE STATION
PLATFORMS

CHRISTOPHER J. SCOLESE (NASA, Goddard Space Flight Center,
Greenbelt, MD) and LAWRENCE C. SCHOLZ (General Electric
Co., Astro Space Div., Princeton, NJ)  AIAA, Aerospace Sciences
Meeting, 27th, Reno, NV, Jan. 9-12, 1989. 29 p. refs

(AIAA PAPER 89-0252)

NASA is formulating a program that will encompass many
scientific disciplines and involve a large share of the international
scientific community in the study of planet earth. The mission is
planned for the 1990s and will involve at least four spacecraft:
two provided by the NASA and one each provided by European
Space Agency (ESA) and Japan. The NASA platforms will utilize
elements of the Space Station Freedom program to provide the
basic spacecraft engineering subsystems. These subsystems are
intended to serve as the basis for future earth orbiting United
States spacecraft. Author

A89-25296#

DISTURBANCE ON GSTAR SATELLITES DUE TO THRUSTER
PLUME IMPINGEMENT ON SOLAR ARRAY

S. A. PARVEZ (GTE Spacenet, McLean, VA) AlAA, Aerospace
Sciences Meeting, 27th, Reno, NV, Jan. 9-12, 1989. 8 p.

(AIAA PAPER 89-0351)

Data available from an operational GSTAR sateliite are used
to compute the actual disturbance torques experienced during
north/south maneuvers due to plume impingement on solar arrays
as a function of the array position. It is shown that roll and yaw
disturbance torques go through a complete cycle as the array
position during north/south burns goes through one complete
rotation, while the pitch disturbance torque goes through two cycles.
The maximum roll and yaw disturbance torque has an approximate
magnitude of 0.10 in-lbf, while the maximum pitch disturbance
torque has a magnitude of 0.04 in-Ibf. The analysis shows that
the solar arrays may be bent in the direction of the sun. K.K.

A89-25537*# Colorado State Univ., Fort Collins.

PLASMA CONTACTING - AN ENABLING TECHNOLOGY

JOHN D. WILLIAMS and PAUL J. WILBUR (Colorado State
University, Fort Collins) AIAA, Aerospace Sciences Meeting, 27th,
Reno, NV, Jan. 9-12, 1989. 12 p. refs

(Contract NAG3-776)

(AIAA PAPER 89-0677)

An experimental study of plasma contacting with an emphasis
on the electron collection mode of this process is described.
Results illustrating variations in plasma property profiles and
potential differences that develop at hollow cathode plasma
contactors are presented. A model of the electron collection plasma
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contacting process that is consistent with experimentally measured
results is reviewed. The shortcomings of laboratory results as direct
predictors of contactor performance in space and their usefulness
in validating numerical models of the contacting process, that can
be used to predict such performance, are discussed. Author

AB9-25551#

THE EVOLUTION OF EXTERNAL TANK APPLICATIONS

J. ALEX GIMARC (USAF, Space Studies Institute, Colorado Springs,
CO) AIAA, Aerospace Sciences Meeting, 27th, Reno, NV, Jan.
9-12, 1989. 6 p. refs

(AIAA PAPER 89-0727)

The External Tank of the Space Shuttle offers unique
opportunities for orbital applications. Early interest was oriented
toward the on-orbit storage and use of the tank as various habitats.
Work during the early 1980s detailed on-orbit applications as
tethered bodies, life sciences experiments, cargo carriers, materials
resources in space, and the basis of a wide variety of manned
platforms. Current interest is primarily in the areas of manned or
man-tended platforms and the construction of a large telescope
for gamma-ray observation. Author

AB89-25552#

THE OUTPOST CONCEPT - A MARKET DRIVEN
COMMERCIAL PLATFORM IN ORBIT

THOMAS C. TAYLOR, CHARLES W. COOK, and WILLIAM A
GOOD (Global Qutpost, Inc., Alexandria, VA)  AIAA, Aerospace
Sciences Meeting, 27th, Reno, NV, Jan. 8-12, 1989. 12 p. refs
(AIAA PAPER 89-0729)

The OUTPOST concept, a platform in LEO derived from the
external tank of the Space Shuttle, is examined. The OUTPOST
platform is expected to be used for orbital exposure testing, small
science and research experiments, and technology testing and
development. The use of the external tank and experimental
accomodations on the platform are considered and the platform
configuration and mission profile are illustrated. Plans for the
marketing and commercial use of the platform, and other
government contracts involving use of the Space Shuttle external
tanks are discussed. R.B.

AB9-26386+#
ECONOMICS AND RATIONALE FOR MATERIAL PROCESSING
USING FREE-FLYING PLATFORMS
RICHARD BOUDREAULT (Canadian Astronautics, Ltd., Ottawa,
Canada)  IN: Commercial opportunities in space; Symposium,
Taipei, Republic of China, Apr. 19-24, 1987, Technical Papers.
Washington, DC, American Institute of Aeronautics and
Astronautics, Inc., 1988, p. 161-176. Research supported by
Canadian Astronautics, Ltd. refs

The use of space platforms for the production of materials in
a microgravity production is reviewed. The platforms considered
include the Space Shuttle, the Space Station, and existing
unmanned free-flying platforms. The economics of each type of
platform is summarized and the minimum breakeven price for
products is discussed in terms of production volume, initial
investment, and space platforms. This cost is compared to the
price of the different materials. It is concluded that the free-flying
platform provides the most economically viable microgravity
environment. R.B.

AB9-27910

A BASELINE DESIGN FOR THE SPACE STATION HABITAT
RICHARD L. OLSON, BRAND N. GRIFFIN, and JAMES S.
HAWKINS (Boeing Aerospace, Huntsville, AL) SAE, Intersociety
Conference on Environmental Systems, 18th, San Francisco, CA,
July 11-13, 1988. 16 p.

(SAE PAPER 881119)

A baseline design has been selected for the Space Station
Habitat (HAB) element. The HAB element is designed to provide
an environment that maximizes safety and human productivity.
This paper outlines some of the current design features, including
the common core elements and the man-systems hardware.

Author
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A89-28232* National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.

ALTERNATE TRANSPORTATION SYSTEM

TONY ZERTUCHE (Barrios Technology, Inc., Houston, TX) and
JAMES MCKINNIE (NASA, Johnson Space Center, Houston, TX)
SAE, Aerospace Technology Conference and Exposition, Anaheim,
CA, Oct. 3-6, 1988. 20 p. refs

(SAE PAPER 881496)

Three missions have been identified by NASA for a Space
Shuttle-supplementing Alternate Transportation System (ATS)
encompassing combinations of booster vehicles, crew modules,
and service modules: (1) to achieve manned access to orbit for
Space Station crew rotation every 90 days, (2) the lofting of a
logistics module resupplying the Space Station every 180 days,
and (3) the simultaneous launch of both crews and logistics to
the Space Station. A reentry glider is considered, in conjunction
with the Space Shuttle’s unmanned cargo version and the Apollo
manned capsule, as an important ATS element. The Titan IV/NUS
is used as a booster. o.C.

A89-29405

MULTI-ROLE CAPSULE SYSTEM DESCRIPTION

C. M. HEMPSELL and RUSSELL J. HANNIGAN (British Aerospace,
PLC, Space and Communications Div., Stevenage, England) British
Interplanetary Society, Journal (ISSN 0007-084X), vol. 42, Feb.
1989, p. 67-81.

The Multi-Role Capsule (MRC) is a concept for a recoverable
capsule capable of working in a manned and unmanned mode. It
has two module configuration: a descent module to contain the
crew and major systems, and a jettisonable service module with
equipment that is only required in orbit. it would be launched on
Ariane 4, and be capable of carrying up to six men or 1500 kg of
payload. Author

A89-32162
OPTIMIZATION OF THE TRAJECTORIES AND PARAMETERS
OF INTERORBITAL TRANSPORT VEHICLES WITH
LOW-THRUST ENGINES [OPTIMIZATSIIA TRAEKTORII |
PARAMETROV MEZHORBITAL'NYKH TRANSPORTNYKH
APPARATOV S DVIGATELIAMI MALOI TIAGI]
S. A, ISHKOV and V. V. SALMIN  Kosmicheskie Issledovaniia
(ISSN 0023-4206), vol. 27, Jan.-Feb. 1989, p. 42-53. In Russian.
refs

The problem of choosing optimal parameters and control
programs for interorbital transport vehicles with low-thrust engines
is examined. The spacecraft dynamics with respect to the center
of mass and additional fuel expenditures for the purpose of controi
are taken into account in solving the dynamic and parameteric
optimization problems. An iterative scheme is proposed for the
joint optimization of the parameters and motion control laws. B

A89-32163
MATHEMATICAL SUBSTANTIATION OF A THEORY OF
ORBITAL CORRECTION USING A SOLAR SAIL
[MATEMATICHESKOE OBOSNOVANIE TEORII ORBITAL'NOI
KORREKTSII, VYPOLNIAEMOI S POMOSHCH'IU
SOLNECHNOGO PARUSA]
E. N. POLIAKHOVA and A. S. SHMYROV Kosmicheskie
Issledovaniia (ISSN 0023-4206), vol. 27, Jan.-Feb. 1989, p. 54-63.
In Russian. refs

The paper examines the two-dimensional problem of the optimal
correction of the geocentric elliptical orbit of a spacecraft using a
solar sail. A combination of the averaging and small-parameter
methods is used to obtain an approximately optimal solution. The
problem is examined for arbitrary initial conditions in the sense of
the orientation of the apsidal lines and the dimensions of the
elliptical orbit with fixed constraints on the solar-sail thrust force.

B.J.

N89-10922*# Aiabama Univ., Huntsville. Center for Microgravity
and Materials Research.
PROCESS MODELLING FOR SPACE STATION EXPERIMENTS
Annuai Report No. 1, 1 Oct. 1987 - 30 Sep. 1988
FRANZ ROSENBERGER and J. IWAN D. ALEXANDER 24 Oct.
1988 51 p
(Contract NAGS-684)
(NASA-CR-183274; NAS 1.26:183274) Avail: NTIS HC A04/MF
A01  CSCL 22A

The work performed during the first year 1 Oct. 1987 to 30
Sept. 1988 involved analyses of crystal growth from the melt and
from solution. The particular melt growth technique under
investigation is directional solidification by the Bridgman-
Stockbarger method. Two types of solution growth systems are
also being studied. One involves growth from solution
in a closed container, the other concerns growth of protein crystals
by the hanging drop method. Following discussions with Dr. R. J.
Naumann of the Low Gravity Science Division at MSFC it was
decided to tackle the analysis of crystal growth from the melt
earlier than originally proposed. Rapid progress was made in this
area. Work is on schedule and full calculations were underway
for some time. Progress was also made in the formulation of the
two solution growth models. Author

NB89-11765"# National Aeronautics and Space Administration,
Washington, DC.
SPACE RESEARCH AND TECHNOLOGY BASE OVERVIEW
LANA M. COUCH /n its Technology for Future NASA Missions:
Civil Space Technology Initiative (CST!) and Pathfinder p 107-130
Sep. 1988
Avail: NTIS HC A23/MF A01 CSCL 22/1

information in viewgraph form is given on aerothermodynamics,
space energy conversion, spacecraft propulsion, spacecraft
construction materials, spacecraft communications, spacecraft
control, human factors engineering, and systems analysis. R.J.F.

N89-11766"# National Aeronautics and Space Administration,
Washington, DC.
IN-SPACE TECHNOLOGY EXPERIMENTS PROGRAM: INSTEP
JUDITH H. AMBRUS /n its Technology for Future NASA Missions:
Civil Space Technology Initiative (CSTI) and Pathfinder p 131-142
Sep. 1988
Avail: NTIS HC A23/MF A01 CSCL 22/1

Information is given in viewgraph form on space research and
technology strategy, space shuttle experiments, experiments’
planning, industry/university experiments, plasma arc welding in
space, and international in-space experiments. R.J.F.

N89-11777*#  National Aeronautics and Space Administration,
Washington, DC.
FLIGHT PROJECTS OVERVIEW
JACK LEVINE /n its Technology for Future NASA Missions: Civil
Space Technology Initiative (CSTI) and Pathfinder p 357-377 Sep.
1988
Avail: NTIS HC A23/MF A01 CSCL 22/1

Information is given in viewgraph form on the activities of the
Flight Projects Division of NASA’s Office of Aeronautics and Space
Technology. Information is given on space research and technology
strategy, current space flight experiments, the Long Duration
Exposure Facility, the Orbiter Experiment Program, the Lidar
In-Space Technology Experiment, the lon Auxiliary Propulsion
System, the Arcjet Flight Experiment, the Telerobotic Intelligent
Intertace Flight Experiment, the Cryogenic Fluid Management Flight
Experiment, the Industry/University In-Space Flight Experiments,
and the Aeroassist Flight Experiment. R.J.F.

N89-12752*#  National Aeronautics and Space Administration,
Washington, DC.

MICROGRAVITY SCIENCE AND APPLICATIONS PROGRAM
TASKS, 1987 REVISION

Aug. 1988 239 p

(NASA-TM-4068; NAS 1.15:4068) Avail: NTIS HC A11/MF A01
CSCL 12/1



A compilation is presented of the active research tasks as of
the end of the FY87 of the Microgravity Science and Applications
Program, NASA-Office of Space Science and Applications, involving
several NASA centers and other organizations. An overview is
provided of the program scope for managers and scientists in
industry, university, and government communities. An introductory
description is provided of the program along with the strategy and
overall goal, identification of the organizational structures and
people involved, and a description of each task. A list of recent
publications is also provided. The tasks are grouped into six major
categories: Electronic Materials; Solidification of Metals, Alloys,
and Composites; Fluid Dynamics and Transport Phenomena;
Biotechnology; Glasses and Ceramics; and Combustion. Other
categories include Experimental Technology, General Studies and
Surveys; Foreign Government Affiliations; Industrial Affiliations; and
Physics and Chemistry Experiments (PACE). The tasks are divided
into ground based and flight experiments. Author

N89-13443*# Eagle Engineering, Inc., Houston, TX.
LLOFX EARTH ORBIT TO LUNAR ORBIT DELTA V
ESTIMATION PROGRAM USER AND TECHNICAL
DOCUMENTATION
Apr. 1988 44 p
(Contract NAS9-17878)
(NASA-CR-172091; NAS 1.26:172091; EEI-88-212) Avail: NTIS
HC A03/MF AD1 CSCL 22/3

The LLOFX computer program calculates in-plane trajectories
from an Earth-orbiting space station to Lunar orbit in such a way
that the journey requires only two deita V burns (one to leave
Earth circular orbit and one to circularize into Lunar orbit). The
program requires the user to supply the Space Station altitude
and Lunar orbit altitude (in km above the surface), and the desired
time of flight for the transfer (in hours). It then determines and
displays the trans-Lunar injection (TLI) delta V required to achieve
the transfer, the Lunar orbit insertion (LOI) delta V required to
circularize the orbit around the Moon, the actual time of flight,
and whether the transfer orbit is elliptical or hyperbolic. Return
information is also displayed. Finally, a plot of the transfer orbit is
displayed. Author
N89-13459* National Aeronautics and Space Administration,
Washington, DC.
SPACE STATION SYSTEMS: A BIBLIOGRAPHY WITH
INDEXES (SUPPLEMENT 6)
Jul. 1988 294 p
(NASA-SP-7056(06); NAS 1.21:7056(06)) Avail: NTIS HC A13
CSCL 22/2

This bibliography lists 1,133 reports, articles, and other
documents introduced into the NASA scientific and technical
information system between July 1, 1987 and December 31, 1987.
Its purpose is to provide helpful information to the researcher,
manager, and designer in technology development and mission
design according to system, interactive analysis and design,
structural and thermal analysis and design, structural concepts
and control systems, electronics, advanced materials, assembly
concepts, propulsion, and solar power satellite systems. The
coverage includes documents that define major systems and
subsystems, servicing and support requirements, procedures and
operations, and missions for the current and future Space
Station. Author

N89-13481" National Aeronautics and Space Administration,
Washington, DC.
TECHNOLOGY FOR LARGE SPACE SYSTEMS: A
BIBLIOGRAPHY WITH INDEXES (SUPPLEMENT 19)
Nov. 1988 145 p
(NASA-SP-7046(19); NAS 1.21:7046(19))  Avail: NTIS HC A07
CSCL 22/2

This bibliography lists 526 reports, articles, and other documents
introduced into the NASA scientific and technical information
system between January 1, 1988 and June 30, 1988. Its purpose
is to provide helpful information to the researcher, manager, and
designer in technology development and mission design according
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to system, interactive analysis and design, structural and thermal
analysis and design, structural concepts and control systems,
electronics, advanced materials, assembly concepts, propuision,
and solar power satellite systems. Author

N89-13678# Pacific Northwest Labs., Richland, WA.
REDUCED GRAVITY BOILING AND CONDENSING
EXPERIMENTS SIMULATED WITH THE COBRA/TRAC
COMPUTER CODE
J. M. CUTA and W. J. KROTIUK Feb. 1988 27 p Presented
at the 1st AIAA, ASME, SIAM and APS National Fluid Dynamics
Congress, Cincinnati, Ohio, 24 Jul. 1988
(Contract DE-AC06-76RL-01830)
(DE88-016311; PNL-SA-15368; CONF-880716-8) Avail: NTIS HC
A03/MF AO1

It is being recognized that there does not currently exist an
adequate understanding of flow and heat transfer behavior in
reduced- and zero-gravity. There is not a sufficient experimental
fluid-thermal data base to develop design correlations for two-phase
pressure losses, heat transfer coefficients, and critical heat flux
limits in systems proposed for advanced power sources, propulsion,
and other thermal management systems in space. Pacific Northwest
Laboratory (PNL), is the lead laboratory for thermal hydraulics in
the Department of Energy’'s Multimegawatt Space Power Program,
and has the responsibility of developing microgravity
thermal-hydraulic analysis capabilities for application to space
nuclear power systems. In support of this program, PNL has
performed a series of reduced-gravity two-phase flow experiments
in the NASA KC-135 aircraft. The objective of the experiment was
to supply basic thermal-hydraulic information that could be used
in development of analytical design tools. DOE

N89-14999*#  National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.
PLANETARY IMPACT EXPERIMENTATION
MARK J. CINTALA, PETER H. SCHULTZ (Brown Univ., Providence,
Rl), and FRIEDRICH HOERZ /n its Experiments in Planetary
and Related Sciences and the Space Station 16 p  Nov. 1987
Avail: NTIS HC A0O9/MF AO01 CSCL 03/2

An understanding of impact processes in low- and microgravity
environments would be advanced significantly by the construction
and use of an impact facility on the Space Station. It is proposed
that initial studies begin as soon as possible in ground-based
impact laboratories, on the NASA KC-135 Reduced-Gravity Aircraft,
and in existing drop towers. The resulting experience and
information base could then be applied toward an experiment
package designed for use on Shuttle orbiters to support pilot studies
in orbital environments. These experiments, as well as the first
efforts made on the IQC Space Station, should involve the impact
of various free-floating targets; such studies would vyield a
substantial scientific return while providing valuable experience and
engineering information for use in refining the design of the
dedicated Space Station Impact Facility. The dedicated facility
should be designed to support impact experimentation, including
but not limited to cratering, asteroid and ring-particle dynamics,
and accretional processes. Author

N89-15002*# Lawrence Livermore National Lab., CA.
EXPERIMENTAL COSMOCHEMISTRY IN THE SPACE STATION
AL DUBA /n NASA, Lyndon B. Johnson Space Center,
Experiments in Planetary and Related Sciences and the Space
Station 4 p  Nov. 1987
Avail: NTIS HC A09/MF A0t CSCL 03/2

The purpose of two workshops was to identify and discuss
experiments in cosmochemistry that cannot be conducted under
the conditions available in terrestrial laboratories, but may be carried
out successfully in the proposed Space Station. The scientific
discussions focused on two general areas of research: chemical
and physical processes in the earliest history of the generai areas
of research, and general principles of magmatic process applicable
both to planetary formation and evolution, as well as present-day
magmatic activity in and on terrestrial planets. Author
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N89-15020" # lowa State Univ. of Science and Technology,
Ames. Dept. of Aerospace Engineering.
SEDIMENT-TRANSPORT EXPERIMENTS IN ZERO-GRAVITY
JAMES D. IVERSEN and RONALD GREELEY (Arizona State Univ.,
Tempe.) /n NASA, Lyndon B. Johnson Space Center, Experiments
in Planetary and Related Sciences and the Space Station 3 p
Nov. 1987 Previously announced as N86-27153
Avail: NTIS HC A09/MF A01 CSCL 22/1

One of the important parameters in the analysis of sediment
entrainment and transport is gravitational attraction. The availability
of a laboratory in earth orbit would afford an opportunity to conduct
experiments in zero and variable gravity environments. Elimination
of gravitational attraction as a factor in such experiments would
enable other critical parameters (such as particle cohesion and
aerodynamic forces) to be evaluated much more accurately. A
Carousel Wind Tunnel (CWT) is proposed for use in conducting
experiments concerning sediment particle entrainment and
transport in a space station. In order to test the concept of this
wind tunnel design a one third scale model CWT was constructed
and calibrated. Experiments were conducted in the prototype to
determine the feasibility of studying various aeolian processes and
the results were compared with various numerical analysis. Several
types of experiments appear to be feasible utilizing the proposed
apparatus. Author

N89-15024*# Rice Univ., Houston, TX. Dept. of Space Physics
and Astronomy.
A MAGNETOSPHERIC SIMULATION AT THE SPACE STATION
Abstract Only
R. E. LOPEZ, JOHN W. FREEMAN, and F. C. MICHEL /n NASA,
Lyndon B. Johnson Space Center, Experiments in Planetary and
Related Sciences and the Space Station 1 p Nov. 1987
Previously announced as N86-27155
Avail: NTIS HC A09/MF A01 CSCL 03/2

it is proposed that a strong magnet (terreila) be flown at or
near the Space Station to create an artificial magnetosphere in a
laboratory setting. The relative flow of the ionosphere past the
terrella will constitute a plasma wind that will interact with the
magnetic field of the terrella to produce a localized magnetosphere.
This object could then be extensively studied using diagnostic
probes attached to the Space Station or with free flyers. The
space and storage requirements would be minimal, since the
experiment would be conducted outside the Space Station. The
total equipment would consist of several terrella (with varying
surface conductivities), approximately 3 small magnetometer/
plasma diagnostic packages, and several gas canisters for up-
stream seeding. Power requirements would be approximately
60 watts. Several track mounted tethers, each approx-
imately or 200 m long in length, with track paralle! to the
orbital motion and 100 m long, are also needed. Astronaut time
needed would be minimal in the tethered configuration
(approximately 4 man hours/week). A free flying configuration,
while not needing the tether track, would require much more human
interaction. Author

NB9-15026"# Arizona State Univ., Tempe. Dept. of Geology.
CAUTIONARY TALES FOR REDUCED-GRAVITY PARTICLE
RESEARCH
JOHN R. MARSHALL, RONALD GREELEY, and D. W. TUCKER
/n NASA, Lyndon B. Johnson Space Center, Experiments in
Planetary and Related Sciences and the Space Station 3 p  Nov.
1987
Avail: NTIS HC A09/MF A0t CSCL 22/1

Failure of experiments conducted on the KC-135 aircraft in
zero gravity are discussed. Tests that were a total failure are
reported. Why the failure occurred and the sort of questions that
potential researchers should ask in order to avoid the appearance
of abstracts such as this are discussed. Many types of aggregation
studies were proposed for the Space Station, and it is hoped that
the following synopsis of events will add a touch of reality to
experimentation proposed for this zero-gravity environmem.A .

uthor

N89-15030"#  National Aeronautics and Space Administration.
Goddard Space Flight Center, Greenbelt, MD.
NUCLEATION AND PARTICLE COAGULATION EXPERIMENTS
IN MICROGRAVITY
J. NUTH /n NASA, Lyndon B. Johnson Space Center, Experiments
in Planetary and Related Sciences and the Space Station 4 p
Nov. 1987
Avail: NTIS HC A09/MF A01 CSCL 22/1

Measurements of the conditions under which carbon, aluminum
oxide, and silicon carbide smokes condense and of the morphology
and crystal structure of the resulting grains are essential if the
nature of the materials ejected into the interstellar medium and
the nature of the grains which eventually became part of the
proto solar nebular are to be understood. Little information is
currently available on the vapor-solid phase transitions of refractory
metals and solids. What little experimental data do exist are,
however, not in agreement with currently accepted models of the
nucleation process for more volatile materials. The major obstacle
to performing such experiments in earth-based laboratories is the
susceptibility of these systems to convection. Evaporation of
refractory materials into a low-pressure environment with a carefully
controlled temperature gradient will produce refractory smokes
when the critical supersaturation of the system is exceeded.
Measurement of the point at which nucleation occurs, via light
scattering or extinction, can not only yield nucleation data but
also, information on the chemical composition and crystal structure
of the condensate. Experimental requirements are presented.

Author

N89-15032*#
Pasadena.
LOW-GRAVITY FACILITIES FOR SPACE STATION
PLANETOLOGY EXPERIMENTS
PAUL A. PENZO /n NASA, Lyndon B. Johnson Space Center,
Experiments in Planetary and Related Sciences and the Space
Station 2 p Nov. 1987 Previously announced as N86-27160
Avail: NTIS HC A09/MF A01 CSCL 22/1

For experimentation, space offers an environment which is
unobtainable on earth. One characteristic is a gravity force less
than 1 g, where g is the mean earth gravity acceleration of 9.8
m/sq s. The production of uniform gravity levels above zero g in
space is discussed in relationship to experimental needs. For
planetology experiments, providing gravity in space will make it
possible to more nearly simulate conditions on natural bodies.
The g-level is but one parameter involved in the design of a
specific experiment. Other requirements may be: g-level range;
g-level tolerance value; Coriolis tolerance value; volume
requirement g-level duration; power and materials for the
experiment; and automated or man-tended operations. These
requirements, and certainly others, will dictate the type of facility
which should be considered. The use of the Space Station of the
Tethered Satellite System configurations is discussed. B.G.

Jet Propulsion Lab., California Inst. of Tech.,

N89-15045"#
Sciences.
CONTAINERLESS HIGH-PRESSURE PETROLOGY
EXPERIMENTS IN THE MICROGRAVITY ENVIRONMENT OF
THE SPACE STATION Abstract Only
W. V. BOYNTON, DRAKE, HILDEBRAND, JONES, LEWIS,
TREIMAN, and WARK  /n NASA, Lyndon B. Johnson Space
Center, Experiments in Planetary and Related Sciences and the
Space Station 2p  Nov. 1987
Avail: NTIS HC A09/MF A0O1 CSCL 22/1

The genesis of igneous rocks on terrestrial planets can oniy
be understood through experiments at pressures corresponding
to those in planetary mantles (10 to 50 kbar). Such experiments
typically require a piston-cylinder apparatus, and an apparatus that
has the advantage of controllable pressure and temperature,
adequate sampie volume, rapid sample quench, and minimal danger
of catastrophic failure. It is proposed to perform high-pressure
and high-temperature piston-cylinder experiments aboard the Space
Station. The microgravity environment in the Space Station will
minimize settling due to density contrasts and may, thus, allow

Arizona Univ., Tucson. Dept. of Planetary



experiments of moderate duration to be performed without a
platinoid capsule and without the sample having to touch the
container walls. The ideal pressure medium would have the same
temperatures. It is emphasized, however, that this proposed
experimental capability requires technological advances and
innovations not currently available. Author
N89-15604"# Carleton Univ., Ottawa (Ontario). School of
Computer Science.
A DYNAMIC CASE-BASED PLANNING SYSTEM FOR SPACE
STATION APPLICATION
F. OPPACHER and D. DEUGO /n NASA, Marshall Space Flight
Center, Fourth Conference on Artificial Intelligence for Space
Applications p 431-439 Oct. 1988 Sponsored in part by the
Canadian Space Station Program Office of the National Research
Council
Avail: NTIS HC A21/MF A01  CSCL 05/1

We are currently investigating the use of a case-based reasoning
approach to develop a dynamic planning system. The dynamic
planning system (DPS) is designed to perform resource
management, i.e., to efficiently schedule tasks both with and without
failed components. This approach deviates from related work on
scheduling and on planning in Al in several aspects. In particular,
an attempt is made to equip the planner with an ability to cope
with a changing environment by dynamic replanning, to handle
resource constraints and feedback, and to achieve some
robustness and autonomy through plan learning by dynamic
memory techniques. We briefly describe the proposed architecture
of DPS and its four major components: the PLANNER, the plan
EXECUTOR, the dynamic REPLANNER, and the plan
EVALUATOR. The planner, which is implemented in Smalltalk, is
being evaluated for use in connection with the Space Station
Mobile Service System (MSS). Author

NB89-15798*#  Physical Sciences, Inc., Andover, MA. Applied
Sciences.
REQUIREMENTS FOR PARTICULATE MONITORING SYSTEM
FOR SPACE STATION
BYRON DAVID GREEN /n NASA, Marshall Space Flight Center,
Space Station Induced Monitoring p 47-49 Nov. 1988
Avail: NTIS HC A05/MF A01 CSCL 22/2

We recommend that a stereo camera system be utilized as a
diagnostic for the particulate environment surrounding the Space
Station. This system should have sufficient sensitivity to identify
contaminated periods, to isolate the effects of sources and activities
and to determine optical clearing times. A reasonable compromise
between sensitivity and other operational constraints is
recommended. Sensitivity comparable to the film camera systems
should suffice, but long periods of unattended operation and
remotely controlied exposure sequences  are essential
requirements. Author

N89-17403*# Universities Space Research Association, Houston,
TX. Dept. of Mechanical Engineering and Aerospace Sciences.
THE SPACE STATION INTEGRATED REFUSE MANAGEMENT
SYSTEM
LOREN A. ANDERSON May 1988 280 p
(Contract NGT-21-002-080; NGT-80001)
(NASA-CR-184722; NAS 1.26:184722) Avail: NTIS HC A13/MF
A01 CSCL 06/11

The design and development of an Integrated Refuse
Management System for the proposed International Space Station
was performed. The primary goal was to make use of any existing
potential energy or material properties that refuse may possess.
The secondary goal was based on the complete removal or disposal
of those products that could not, in any way, benefit astronauts’
needs aboard the Space Station. The design of a continuous
living and experimental habitat in space has spawned the need
for a highly efficient and effective refuse management system
capable of managing nearly forty-thousand pounds of refuse
annually. To satisfy this need, the following four integrable systems
were researched and developed: coliection and transfer; recycle
and reuse; advance disposal;, and propulsion assist in disposal.

01 SYSTEMS

The design of a Space Station subsystem capable of collecting
and transporting refuse from its generation site to its disposal
and/or recycling site was accomplished. Several methods of
recycling or reusing refuse in the space environment were
researched. The optimal solution was determined to be the method
of pyrolysis. The objective of removing refuse from the Space
Station environment, subsequent to recycling, was fulfilled with
the design of a jettison vehicie. A number of jettison vehicle launch
scenarios were analyzed. Selection of a proper disposal site and
the development of a system to propel the vehicle to that site
were completed. Reentry into the earth atmosphere for the purpose
of refuse incineration was determined to be the most attractive
solution. Author

N89-18007*# McDonnell-Douglas Astronautics Co., Huntington
Beach, CA.
SPACE STATION FUNCTIONAL RELATIONSHIPS ANALYSIS
Final Technical Report
THOMAS S. TULLIS and BARBRA R. BIED Aug. 1988 112 p
{Contract NAS2-11723)
(NASA-CR-177497; NAS 1.26:177497, MDC-H3068) Avail: NTIS
HC A06/MF A0O1 CSCL 05/9

A systems engineering process is developed to assist Space
Station designers to understand the underlying operational system
of the facility so that it can be physically arranged and configured
to support crew productivity. The study analyzes the operational
system proposed for the Space Station in terms of mission
functions, crew activities, and functional relationships in order to
develop a quantitative model for evaluation of interior layouts,
configuration, and traffic analysis for any Station configuration.
Development of the model involved identification of crew functions,
required support equipment, criteria of assessing functional
relationships, and tools for analyzing functional relationship
matrices, as well as analyses of crew transition frequency,
sequential dependencies, support equipment requirements,
potential for noise interference, need for privacy, and overall
compatability of functions. The model can be used for analyzing
crew functions for the Initial Operating Capability of the Station
and for detecting relationships among these functions. Note: This
process (FRA) was used during Phase B design studies to test
optional layouts of the Space Station habitat module. The process
is now being automated as a computer model for use in layout
testing of the Space Station laboratory modules during Phase C.

Author

N89-18522*
Washington, DC.
SPACE STATION SYSTEMS: A BIBLIOGRAPHY WITH
INDEXES (SUPPLEMENT 7)
Dec. 1988 289 p
(NASA-SP-7056(07); NAS 1.21:7056(07)) Avail: NTIS HC A13
CSCL 22/2

This bibliography lists 1,158 reports, articles, and other
documents introduced into the NASA scientific and technical
information system between January 1, 1988 and June 30, 1988.
Its purpose is to provide helpful information to researchers,
designers and managers engaged in Space Station technology
development and mission design. Coverage includes documents
that define major systems and subsystems related to structures
and dynamic control, electronics and power supplies, propulsion,
and payload integration. In addition, orbital construction methods,
servicing and support requirements, procedures and operations,
and missions for the current and future Space Station are
included. Author

National Aeronautics and Space Administration,

N89-19818*#  National Aeronautics and Space Administration.
Marshall Space Flight Center, Huntsville, AL.
THE SCHEDULING TECHNIQUES OF ESP2
JOHN P. JAAP and ELIZABETH K. DAVIS /n NASA. Lyndon B.
Johnson Space Center, 2nd Annual Workshop on Space Operations
Automation and Robotics (SOAR 1988) p 1-6  Nov. 1988
Avail: NTIS HC A22/MF A01 CSCL 05/1

The Mission Analysis Division of the Systems Analysis and
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Integration Laboratory at the Marshall Space Flight Center has
developed a robust automatic scheduler which can produce detailed
schedules for the multi-step activities required for payload
operations on the Space Station. This scheduler, a part of the
Expert Scheduling Program (ESP2), has five components: the
bookkeeper, checker, loader, selector, and explainer. The
bookkeeper maintains the usage profiles for nondepletable
resources, consumables, equipment, crew, and the times of all
the steps for the payload activities for several different schedules
simultaneously. The checker searches the data maintained by the
bookkeeper and finds times when the constraints of each step of
an activity are satisfied. The loader is an expert system that uses
the techniques of forward chaining, depth-first searching, and
backtracking to manage the workings of the checker so that
activities are placed in the schedule without violating constraints
(such as crew, resources, and orbit opportunities). The checker
searches the data maintained by the bookkeeper and finds times
when the constraints of each step of an activity are satisfied. The
loader is an expert system which uses the techniques of forward
chaining, depth-first searching, and backtracking to manage the
workings of the checker so that activities are placed in the schedule
without violating the constraints. The selector has several methods
of choosing the next activity for the loader to schedule. The
explainer shows the user why an activity was or was not scheduled
at a certain time; it offers a unique graphical explanation of how
the axpert system (the loader) works. Author
N89-20065" # Houston Univ., Clear Lake, TX. Div. of Life
Sciences.
DEVELOPMENT OF AN ATMOSPHERIC MONITORING PLAN
FOR SPACE STATION Final Report
DENNIS M. CASSERLY /n NASA, Lyndon B. Johnson Space
Center, National Aeronautics and Space Administration
{(NASA)/American Society for Engineering Education (ASEE)
Summer Faculty Fellowship Program 1988, Volume 1 16 p  Feb.
1989
Avail: NTIS HC A09/MF A01 CSCL 06/11

An environmental heaith monitoring plan for Space Station
will ensure crew health during prolonged habitation. The Space
Station, Freedom, will operate for extended periods, 90 + days,
without resupply. A regenerative, closed loop life support system
will be utilized in order to minimize resupply logistics and costs.
Overboard disposal of wastes and venting of gases to space will
be minimal. All waste material will be treated and recycled. The
concentrated wastes will be stabilized and stored for ground
disposal. The expected useful life of the station (decades) and
the diversity of materials brought aboard for experimental or
manufacturing purposes, increases the likelihood of cabin
contamination. Processes by which cabin contamination can occur
include: biological waste production, material off-gassing, process
leakage, accidental containment breach, and accumulation due to
poor removal efficiencies of the purification units. An industrial
hygiene approach was taken to rationalize monitoring needs and
to identify the substances likely to be present, the amount, and
their hazard. Author

02

MODELS, ANALYTICAL DESIGN TECHNIQUES,
AND ENVIRONMENTAL DATA

Includes descriptions of computerized interactive systems design
and development techniques, computer codes, internal and external
environmental models and data.

AB9-10597

SPACE SIMULATION USING COMPUTER GENERATED
IMAGERY

H. RAYMOND HALLETT and ROBERT E. JAHNKE (General
Electric Co., Fairfield, CT) IN: Aerospace Behavioral Engineering

8

Technology Conference, 6th, Long Beach, CA, Oct. 5-8, 1987,
Proceedings. Warrendale, PA, Society of Automotive Engineers,
Inc., 1988, p. 199-206.
(SAE PAPER 871907)

This paper discusses the role played by computer-generated
imagery (CGl) in both the development of space systems and in
the training of flight and ground crews. Attention is given to the
COMPU-SCENE 1V, the latest version of the COMPU-SCENE line
of CGI capability which serves a wide variety of applications,
including simulation of fighter/attack and space/planetary
scenarios. Special attention is given to the particular simulation
requirements for planetary space programs, such as the Mars
Rover/Sample Return mission and comparable missions to the
moon and other planets, and the simulation requirements for future
space vehicles such as the Space Station. 1.S.

AB89-11684#
EQUATIONS OF MOTION OF SYSTEMS OF VARIABLE-MASS
BODIES FOR SPACE STRUCTURE DEPLOYMENT
SIMULATION
J. E. KEAT and J. D. TURNER (Cambridge Research Associates,
MA}  IN: Dynamics and control of large structures; Proceedings
of the Sixth VPI&SU/AIAA Symposium, Blacksburg, VA, June
29-duly 1, 1987. Blacksburg, VA, Virginia Polytechnic Institute and
State University, 1988, p. 549-562. refs
(Contract F04511-82-K-0038; F04611-86-C-0017)

The paper presents a formulation of the equations of motion
of multibody systems with interbody mass flow. An example of a
process which can be modeled by the formulation is the common
one.in which appendages are extended from the main body of a
spacecraft. After the Introduction, the paper contains four main
parts. The first presents basic material that is used subsequently.
The second develops kinetics equations for a single body, such
as a deploying boom, with time-varying mass. The third develops
the multibody system dynamics equations. The fourth applies the
formulation to a sample problem. Author

A89-11811
PETRI NETS - A TOOL FOR REPRESENTING CONCURRENT
ACTIVITIES IN SPACE STATION APPLICATIONS
D. E. COOKE (Texas, University, El Paso) IN: Space Station
automation |lI; Proceedings of the Meeting, Cambridge, MA, Nov.
2-4, 1987. Bellingham, WA, Society of Photo-Optical
Instrumentation Engineers, 1987, p. 53-63. refs

With the complexities that are likely to be found in control
processes aboard the Space Station, it is appropriate to identify a
tool for the analysis of these structures at an early stage in the
design. The interest in Petri nets for the representation of
concurrent structures has grown considerably in the past few years.
Introduced here is a robust notation for the machine representation
of Petri nets. The notation has been used successfully in the
control flow and data flow representations of systems. Author

AB9-11819*
Pasadena.
A SYNCHRONIZED COMPUTATIONAL ARCHITECTURE FOR
GENERALIZED BILATERAL CONTROL OF ROBOT ARMS
ANTAL K. BEJCZY and ZOLTAN SZAKALY (California Institute of
Technology, Jet Propulsion Laboratory, Pasadena) IN: Space
Station automation Ill; Proceedings of the Meeting, Cambridge,
MA, Nov. 2-4, 1987. Bellingham, WA, Society of Photo-Optical
instrumentation Engineers, 1987, p. 123-134.

This paper describes a computational architecture for an
interconnected high speed distributed computing system for
generalized bilateral control of robot arms. The key method of the
architecture is the use of fully synchronized, interrupt driven
software. Since an objective of the development is to utilize the
processing resources efficiently, the synchronization is done in
the hardware level to reduce system software overhead. The
architecture also achieves a balaced load on the communication
channel. The paper also describes some architectural relations to
trading or sharing manual and automatic control. Author

Jet Propulsion Lab., California Inst. of Tech.,
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A89-12180" National Aeronautics and Space Administration.
Goddard Space Flight Center, Greenbelt, MD.
THE INTEGRATED ANALYSIS CAPABILITY (IAC LEVEL 2.0)
HAROLD P. FRISCH (NASA, Goddard Space Flight Center,
Greenbelt, MD) and ROBERT G. VOS (Boeing Aerospace Co.,
Seattle, WA)  Engineering with Computers (ISSN 0177-0667),
vol. 4, no. 1-2, 1988, p. 53-63. refs

The critical data management issues involved in the
development of the integral analysis capability (IAC), Level 2, to
support the design analysis and performance evaluation of large
space structures, are examined. in particular, attention is given to
the advantages and disadvantages of the formalized data base;
merging of the matrix and relational data concepts; data types,
query operators, and data handling; sequential versus direct-access
files; local versus global data access; programming languages and
host machines; and data flow techniques. The discussion also
covers system architecture, recent system level enhancements,
executive/user interface capabilities, and technology applications.

: V.L.

A89-15371

AN EFFICIENT SIMULATION ENVIRONMENT FOR SPACE
POWER GENERATION SYSTEMS

RON HAMMOND (Boeing Computer Services Co., Seattle, WA)
IN: 1988 IECEC; Proceedings of the Twenty-third Intersociety
Energy Conversion Engineering Conference, Denver, CO, July
31-Aug. 5, 1988. Volume 3. New York, American Society of
Mechanical Engineers, 1988, p. 537-542.

This paper presents two examples that demonstrate the use
of the EASY dynamic analysis system (Harrison et al.,, 1987) for
the analysis of space power generation systems. The first of these
examples, a dc-to-dc voltage booster, is a system in which the
major issue is the selection of component sizes and the assessment
of dynamic response. The second is a voltage regulator, which
provides an example of a system in which the major issue is the
switching logic and control system design. It is shown that EASY
can be simply and economically applied to detailed modeling, and
that it offers many advantages over more conventional analyses
and simulation tools. 1.S.

AB89-21178
HIERARCHICAL CONTROL OF INTELLIGENT MACHINES
APPLIED TO SPACE STATION TELEROBOTS
J. S. ALBUS, R. LUMIA, and H. MCCAIN (NBS, Gaithersburg,
MD) (California Institute of Technology, Workshop on Space
Telerobotics, Pasadena, Jan. 1987) I|EEE Transactions on
Aerospace and Electronic Systems (ISSN 0018-9251 ), vol. 24, Sept.
1988, p. 535-541. refs

A hierarchical architecture is described which supports space
station telercbots in a variety of modes. The system is divided
into three hierarchies: task decomposition, world model, and
sensory processing. Goals at each level of the task decomposition
hierarchy are divided both spatially and temporarily into simpler
commands for the next lower level. This decomposition is repeated
until, at the lowest level, the drive signals to the robot actuators
are generated. To accomplish its goals, task decomposition
modules must often use information stored in the world model.
The purpose of the sensory system is to update the world model
as rapidly as possible to keep the model in registration with the
physical world. The architecture of the entire control system
hierarchy and how it can be applied to space telerobot applications
are discussed. I.E.

A89-27845
FLUIDNET - A THERMAL AND HYDRAULIC SOFTWARE FOR
THE PRELIMINARY SIZING OF FLUID LOOP SYSTEMS
S. ANDRE, J. N. CHELOTTI (Aerospatiale, Division Systemes
Strategiques et Spatiaux, Cannes, France), J. F. GORY, and T.
LAFON (CNES, Toulouse, France) SAE, Intersociety Conference
on Environmental Systems, 18th, San Francisco, CA, July 11-13,
1988. 12 p.
(SAE PAPER 881045)

The development and features of FLUIDNET, an interactive

application computer program for preliminary sizing of fluid loop
networks used in spacecraft active thermal control systems, are
described. The multiple evolutions of the overall configuration of
the Columbus and Hermes projects have made it necessary to
quickly dimension new thermal management systems; this has
instigated FLUIDNET's development. After a brief description of
the program structure, component library, and solution method,
an example of FLUIDNET's application to the thermal control
subsystem design of the Hermes freon loop is given. S.AV.

A89-27896" National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.

A SIMULATION SYSTEM FOR SPACE STATION
EXTRAVEHICULAR ACTIVITY

JOSE A. MARMOLEJO (NASA, Johnson Space Center, Houston,
TX) and CHARLES K. SHEPHERD, JR.  SAE, Intersociety
Conference on Environmental Systems, 18th, San Francisco, CA,
July 11-13, 1988. 8 p.

(SAE PAPER 881104)

A simulation program has been developed which addresses
the human factors required to provide a crewmember with
productive information during Space Station EVA. The operation
of the voice recognition and control system and helmet-mounted
projection display in the Space Station Extravehicular Mobility Unit
(EMU) is reviewed. The features of the simulation program are
discussed, including logic flow, information types, and the
man-machine interface techniques used in the simulation program,
voice recognizer, and helmet-mounted display. R.B.

A89-28594" National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
CLOSED-FORM GRAMMIANS AND MODEL REDUCTION FOR
FLEXIBLE SPACE STRUCTURES
TREVOR WILLIAMS (NASA, Langley Research Center, Hampton,
VA) IN: IEEE Conference on Decision and Control, 27th, Austin,
TX, Dec. 7-9, 1988, Proceedings. Volume 2. New York, Institute
of Electrical and Electronics Engineers, Inc., 1988, p. 1157, 1158.
refs

Analytical expression are derived for the Grammians of a model
in moda! coordinates for the dynamics of a flexible space structure
(FSS). These exact results provide insight into the dynamics of
such systems and reduce the known approximate expressions in
the case of lightly damped, widely separated modes. A novel
algorithm is outlined that uses these to compute a dominant
reduced-order modei for such a system in an efficient manner.

1L.E.

AB89-30817*# NASA Space Station Program Office, Reston, VA,
AN AUTOMATED, INTEGRATED APPROACH TO SPACE
STATION STRUCTURAL MODELING

ALAN J. LINDENMOYER (NASA, Space Station Freedom Program
Office, Reston, VA) and JOHN A. HABERMEYER (Grumman Corp.,
Space Station Program Support Div., Reston, VA)  IN: AIAA,
ASME, ASCE, AHS, and ASC, Structures, Structural Dynamics and
Materials Conference, 30th, Mobile, AL, Apr. 3-5, 1989, Technical
Papers. Part 4. Washington, DC, American Institute of Aeronautics
and Astronautics, 1989, p. 1591-1597.

(AIAA PAPER 89-1342)

NASA and its contractors have developed an integrated,
interdisciplinary CAD/analysis system designated IDEAS(double
asterisk)2 in order to conduct evaluations of alternative Space
Station concepts’ performance over the projected course of the
Station's evolution in orbit. Attention is presently given to the
requirements associated with automated FEM-building methods
applicable to Space Station system-level structural dynamic
analysis, and the ways in which IDEAS(double asterisk)2 addresses
these requirements. Advantage is taken of the interactive
capabilities of the SUPERTAB FEM preprocessor system for Space
Station model manipulation and modification. O.C.
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N89-10067"#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
AUTOPLAN: A PC-BASED AUTOMATED MISSION PLANNING
TOOL
FRANK C. PATERRA, MARC S. ALLEN (Computer Technology
Associates, Inc., Newport News, Va.), and GEORGE F.
LAWRENCE /n NASA, Goddard Space Flight Center, Proceedings
of 1987 Goddard Conference on Space Applications of Artificial
Intelligence (Al) and Robotics 16 p 1987 Previously announced
in [AA as ABB-20486
Avail: NTIS HC A99/MF E03 CSCL 22A

A PC-based automated mission and resource planning tool,
AUTOPLAN, is described, with application to small-scale planning
and scheduling systems in the Space Station program. The input
is a proposed mission profile, including mission duration, number
of allowable slip periods, and requirement profiles for one or more
resources as a function of time. A corresponding availability profile
is also entered for each resource over the whole time interval
under study. AUTOPLAN determines all integrated schedules which
do not require more than the available resources. IAA

N89-10116#
(Spain).
STUDY ON CONCEPTUAL DESIGN OF SPACECRAFT USING
COMPUTER-AIDED ENGINEERING TECHNIQUES Final Report
I. J. PEREZ-ARRIAGA, J. J. ALBA, F. CUADRA, J. J. SANGIL, M.
ANGULO, and N. BALTEAS Paris, France ESA Dec. 1987
138 p
{Contract ESTEC-6886/85-NL-PP)
(ESA-CR(P)-2615; ETN-88-93149) Avail: NTIS HC A07/MF A0t
A formal characterization of the process of conceptual design
of spacecraft was derived, and the basic functions and requirements
tor a Conceptual Design of Spacecraft Tool (CDST) were defined.
The major building blocks needed in the CDST were individually
anatyzed, including: knowledge acquisition procedures; knowledge
representation techniques; automatic design approach suitable for
computer implementation; dscision-making logic adapted to a
muitiobjective environment; and design process control logic relying
on existing artificial intelligence techniques. A possible hardware
and software configuration based on existing resources was
denved, and a mock-up of a simplified CDST was developed and
imptemented so that hands-on experience on each major aspect
can be obtained. A working plan for a phased/expandable
development of the CDST was produced. ESA

Instituto de Investigacion Tecnologia, Madrid

NB89-11407"#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
OEXP ANALYSIS TOOLS WORKSHOP
L. BERNARD GARRETT, ROBERT L. WRIGHT, DEBORAH BADI,
ang JOHN T. FINDLAY (Flight Mechanics and Control, Inc.,
Hampion, Va.) Aug. 1988 146 p Workshop held in Hampton,
va., 21-22 Jun. 1988 Sponsored by NASA, Washington, D.C.
(NASA-CP-10013; NAS 1.55:10013) Avail: NTIS HC A07/MF
AUl CSCL 09/2

This publication summarizes the software needs and available
analysis tools presented at the OEXP Analysis Tools Workshop
held at the NASA Langley Research Center, Hampton, Virginia on
June 21 to 22, 1988. The objective of the workshop was to identify
available spacecraft system (and subsystem) analysis and
engineering design tools, and mission planning and analysis
software that could be used for various NASA Office of Exploration
(code 2Z) studies, specifically lunar and Mars missions. Author

N89-12582"#  National Aeronautics and Space Administration.
Godaard Space Flight Center, Greenbeit, MD.

FIFTEENTH SPACE SIMULATION CONFERENCE: SUPPORT
THE HIGHWAY TO SPACE THROUGH TESTING

JOSEPH STECHER, ed. 1988 492 p  Conference held in
Williamsburg, Va., 31 Oct. - 3 Nov. 1988; sponsored by NASA,
Inst. of Environmental Sciences, AIAA, and the American Society
for Testing and Materials

(NASA-CP-3015; REPT-88B0253; NAS 1.55:3015) Avail: NTIS
HC A21/MF AO1 CSCL 22/2
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The Institute of Environmental Sciences Fifteenth Space
Simulation Conference, Support the Highway to Space Through
Testing, provided participants a forum to acquire and exchange
information on the state-of-the-art in space simulation, test
technology, thermal simulation and protection, contamination, and
techniques of test measurements.

N89-13462"# Pennsylvania State Univ., University Park. Dept.
of Electrical Engineering.
INFINITE-DIMENSIONAL APPROACH TO SYSTEM
IDENTIFICATION OF SPACE CONTROL LABORATORY
EXPERIMENT (SCOLE)
S. A. HOSSAIN and K. Y. LEE /n NASA, Langley Research
Center, Proceedings of the 4th Annual SCOLE Workshop p 17-53
Oct. 1988
Avail: NTIS HC A17/MF A01 CSCL 22/2

The identification of a unique set of system parameters in
large space structures poses a significant new problem in control
technology. Presented is an infinite-dimensional identification
scheme to determine system parameters in large flexible structures
in space. The method retains the distributed nature of the structure
throughout the development of the algorithm and a finite-element
approximation is used only to implement the algorithm. This
approach eliminates many problems associated with model
truncation used in other methods of identification. The identification
is formulated in Hilbert space and an optimal control technique is
used to minimize weighted least squares of error between the
actual and the model data. A variational approach is used to
solve the problem. A costate equation, gradients of parameter
varigtions and conditions for optimal estimates are obtained.
Computer simulation studies are conducted using a shuttie-attached
antenna configuration, more popularly known as the Space Control
Laboratory Experiment (SCOLE) as an example. Numerical results
show a close match between the estimated and true values of
the parameters. Author

N89-13895" # Hamilton Standard Div., United Aircraft Corp.,
Windsor Locks, CT.
APPENDICES TO THE MODEL DESCRIPTION DOCUMENT
FOR A COMPUTER PROGRAM FOR THE
EMULATION/SIMULATION OF A SPACE STATION
ENVIRONMENTAL CONTROL AND LIFE SUPPORT SYSTEM
JAMES L. YANOSY Sep. 1988 106 p
(Contract NAS1-17397)
(NASA-CR-181738; NAS 1.26:181738; SVHSER-10638) Avail:
NTIS HC A06/MF A01 CSCL 05/8

A Model Description Document for the Emulation Simulation
Computer Model was already published. The model consisted of
a detailed model (emulation) of a SAWD CO2 removal subsystem
which operated with much less detailed (simulation) modeils of a
cabin, crew, and condensing and sensible heat exchangers. The
purpose was to explore the utility of such an emulation simulation
combination in the design, development, and test of a piece of
ARS hardware, SAWD. Extensions to this original effort are
presented. The first extension is an update of the model to reflect
changes in the SAWD controi logic which resulted from test. Also,
slight changes were also made to the SAWD model to permit
restarting and to improve the iteration technique. The second
extension is the development of simulation models for more pieces
of air and water processing equipment. Models are presented for:
EDC, Molecular Sieve, Bosch, Sabatier, a new condensing heat
exchanger, SPE, SFWES, Catalytic Oxidizer, and multifiltration. The
third extension is to create two system simulations using these
models. The first system presented consists of one air and one
water processing system. The second consists of a potential air
revitalization system. Author

NB89-13896" # Hamilton Standard Div., United Aircraft Corp.,
Windsor Locks, CT.

APPENDICES TO THE USER'S MANUAL FOR A COMPUTER
PROGRAM FOR THE EMULATION/SIMULATION OF A SPACE
STATION ENVIRONMENTAL CONTROL AND LIFE SUPPORT
SYSTEM
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JAMES L. YANOSY Sep. 1988 208 p
(Contract NAS1-17397)
(NASA-CR-181736; NAS 1.26:181736; SVHSER-10639) Avail:
NTIS HC A10/MF A01 CSCL 05/8

A user's Manual for the Emulation Simulation Computer Model
was published previously. The mode! consisted of a detailed model
{(emulation) of a SAWD CO2 removal subsystem which operated
with much less detailed (simulation) models of a cabin, crew, and
condensing and sensible heat exchangers. The purpose was to
explore the utility of such an emulation/simulation combination in
the design, development, and test of a piece of ARS hardware -
SAWD. Extensions to this original effort are presented. The first
extension is an update of the model to reflect changes in the
SAWD controt logic which resulted from the test. in addition, slight
changes were also made to the SAWD model to permit restarting
and to improve the iteration technique. The second extension is
the development of simulation models for more pieces of air and
water processing equipment. Models are presented for: EDC,
Molecular Sieve, Bosch, Sabatier, a new condensing heat
exchanger, SPE, SFWES, Catalytic Oxidizer, and multifiltration. The
third extension is to create two system simulations using these
models. The first system presented consists of one air and one
water processing system, the second a potential Space Station
air revitalization system. Author

N89-13897"# Hamilton Standard Div., United Aircraft Corp.,
Windsor Locks, CT.
USER’S MANUAL FOR A COMPUTER PROGRAM FOR THE
EMULATION/SIMULATION OF A SPACE STATION
ENVIRONMENTAL CONTROL AND LIFE SUPPORT SYSTEM
(ESCM)
JAMES L. YANOSY Sep. 1988 216 p
(Contract NAS1-17397)
(NASA-CR-181735; NAS 1.26:181735; SVHSER-9503) Avail:
NTIS HC A10/MF A1 CSCL 05/8

This manual describes how to use the Emulation Simulation
Computer Model (ESCM). Based on G189A, ESCM computes the
transient performance of a Space Station atmospheric revitalization
subsystem (ARS) with CO2 removal provided by a solid amine
water desorbed subsystem called SAWD. Many performance
parameters are computed some of which are cabin CO2 partial
pressure, relative humidity, temperature, 02 partial pressure, and
dew point. The program allows the user o simulate various possible
combinations of man loading, metabotic profiles, cabin volumes
and certain hypothesized failures that could occur. Author

N89-15163*# California Univ., Los Angeles.
A MATHEMATICAL FORMULATION OF THE SCOLE CONTROL
PROBLEM. PART 2: OPTIMAL COMPENSATOR DESIGN Final
Report
A. V. BALAKRISHNAN Dec. 1988 24 p
(Contract NAG1-464)
(NASA-CR-181720; NAS 1.26:181720) Avail; NTIS HC AD3/MF
AD1 CSCL 22/2

The study initiated in Part 1 of this report is concluded and
optimal feedback control (compensator) design for stability
augmentation is considered, following the mathematical formulation
developed in Part 1. Co-located (rate) sensors and (force and
moment) actuators are assumed, and allowing for both sensor
and actuator noise, stabilization is formulated as a stochastic
regulator problem. Specializing the general theory developed by
the author, a complete, closed form solution (believed to be new
with this report) is obtained, taking advantage of the fact that the
inherent structural damping is light. In particular, it is possible to
solve in closed form the associated infinite-dimensional
steady-state Riccati equations. The SCOLE model involves
associated partial differential equations in a single space variable,
but the compensator design theory developed is far more generat
since it is given in the abstract wave equation formulation. The
results thus hold for any multibody system so long as the basic
model is linear. Author

N89-15554*#  National Aeronautics and Space Administration.
Marshall Space Flight Center, Huntsville, AL.
THE ELEMENTS OF DESIGN KNOWLEDGE CAPTURE
MICHAEL S. FREEMAN  /n its Fourth Conference on Artificial
Intelligence for Space Applications p 39-46 Oct. 1988
Avail: NTIS HC A21/MF AO1 CSCL 09/2

This paper will present the basic constituents of a design
knowledge capture effort. This will include a discussion of the
types of knowledge to be captured in such an effort and the
difference between design knowledge capture and more traditional
knowledge base construction. These differences include both
knowledge base structure and knowledge acquisition approach.
The motivation for establishing a design knowledge capture effort
as an integral part of major NASA programs will be outlined, along
with the current NASA position on that subject. Finally the approach
taken in design knowledge capture for Space Station will be
contrasted with that used in the HSTDEK project. Author

N89-15567*# National Aeronautics and Space Administration.
Marshal! Space Flight Center, Huntsville, AL.
AUTOMATIC DETECTION OF ELECTRIC POWER TROUBLES
(ADEPT)
CAROLINE WANG, HUGH ZEANAH, AUDIE ANDERSON, CLINT
PATRICK, MIKE BRADY, and DONNIE FORD (Alabama Univ,,
Huntsvilie.) /n its Fourth Conference on Artificial intelligence for
Space Applications p 125-130  Oct. 1988
Avail: NTIS HC A21/MF A01 CSCL 09/2

ADEPT is an expert system that integrates knowledge from
three different suppliers to offer an advanced fault-detection
system, and is designed for two modes of operation: real-time
fault isolation and simulated modeling. Real time fault isolation of
components is accomplished on a power system breadboard
through the Fault Isolation Expert System (FIES 1l) interface with
a rule system developed in-house. Faults are quickly detected
and displayed and the rules and chain of reasoning optionally
provided on a Laser printer. This system consists of a simulated
Space Station power module using direct-current power supplies
for Solar arrays on three power busses. For tests of the system'’s
ability to locate faults inserted via switches, loads are configured
by an INTEL microcomputer and the Symbolics artificial intelligence
development system. As these loads are resistive in nature, Ohm’s
Law is used as the basis for rules by which faults are located.
The three-bus system can correct faults automatically where there
is a surplus of power available on any of the three busses.
Techniques developed and used can be applied readily to other
control systems requiring rapid intelligent decisions. Simulated
modelling, used for theoretical studies, is implemented using a
modified version of Kennedy Space Center's KATE
(Knowledge-Based Automatic Test Equipment), FIES Il windowing,
and an ADEPT knowledge base. A load scheduler and a fault
recovery system are currently under development to support both
modes of operation. Author

N89-16300*# Productivity Research Corp., Cape Canaveral, FL.
SOME DESIGN CONSTRAINTS REQUIRED FOR THE USE OF
GENERIC SOFTWARE IN EMBEDDED SYSTEMS: PACKAGES
WHICH MANAGE ABSTRACT DYNAMIC STRUCTURES
WITHOUT THE NEED FOR GARBAGE COLLECTION
CHARLES S. JOHNSON /n NASA, Lyndon B. Johnson Space
Center, First International Conference on Ada (R) Programming
Language Applications for the NASA Space Station, Volume 1
9p 1986
Avail: NTIS HC A18/MF A01 CSCL 09/2

The embedded systems running real-time applications, for which
Ada was designed, require their own mechanisms for the
management of dynamically allocated storage. There is a need
for packages which manage their own internalo structures to control
their deallocation as well, due to the performance implications of
garbage collection by the KAPSE. This places a requirement upon
the design of generic packages which manage generically
structured private types built-up from application-defined input
types. These kinds of generic packages should figure greatly in
the development of lower-level software such as operating systems,

11
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schedulers, controllers, and device driver; and will manage
structures such as queues, stacks, link-lists, files, and binary multary
(hierarchical) trees. Controlled to prevent inadvertent
de-designation of dynamic elements, which is implicit in the
assignment operation A study was made of the use of limited
private type, in solving the problems of controlling the accumulation
of anonymous, detached objects in running systems. The use of
deallocator prodecures for run-down of application-defined input
types during deallocation operations during satellites. Author

N89-18345# Harris Corp., Melbourne, FL. Government Aerospace
Systems Div.
THE OPTIMAL PROJECTION EQUATIONS FOR FIXED-ORDER
DYNAMIC COMPENSATION: EXISTENCE, CONVERGENCE
AND GLOBAL OPTIMALITY
DAVID C. HYLAND /n Virginia Univ., Proceedings of the Fifth
AFOSR Forum on Space Structures p 65-72 11 Dec. 1987
Avail: NTIS HC A05/MF A01  CSCL 22/5

Regardiess of how appealing the optimal projection formulation
may appear to be, its contribution is vacuous unless certain serious
questions can be resolved. These include: (1) Under what
conditions can the optimal projection equations be guaranteed a
priori 10 possess a solution. (2) Given problem data, exactly how
many solutions do the equations possess. (3) Of the possible
solutions, what are their stability properties, what is their
performance, and which is the global optimum. (4) How can
numerical algorithms be constructed which can be guaranteed to
converge to any desired solution especially the global minimum. It
seems clear that any attempt to address the above issues must
utilize mathematical methods which are global in nature. To this
end we have applied degree theory and associated homotopic
continuation methods to analyze the solutions to the optimal
projection equations and to construct convergent, implementable
algorithms for their computation. The purpose of this presentation
is 10 report significant recent results in this regard. Author

NB89-19348# Lawrence Livermore National Lab., CA.
A CONTROLLED COMPONENT SYNTHESIS METHOD FOR
TRUSS STRUCTURE VIBRATION CONTROL
K. DAVID YOUNG  /n Virginia Univ., Proceedings of the Fifth
AFOSR Forum on Space Structures p 81-83 11 Dec. 1987
{Contract W-7405-ENG-48)
Avail: NTIS HC AO5/MF A0t CSCL 22/5

A new framework for the design of controliers for truss structure
vibration control which is closely related to that of the Subsystem
Decomposition Approach is introduced. The method developed
herein deviates from conventional control system design practice
in which a dynamic mode! of the open loop plant is often the
initial data given to the control system designer. Instead, the
controlled plant is assembled from the controlled components in
the control design process. The development of this controlled
component synthesis method is motivated on one hand by the
well developed component mode synthesis methods (8 to 10) - a
collection of structural analysis methods which has been
demonstrated to be effective for solving large complex structural
analysis problems for almost three decades, and on the other,
stimulated by the subsystem decomposition viewpoint in large scale
system theory. Connections between controlled component
synthesis and existing large scale system decomposition techniques
are established herein to build a control theoretic foundation for
the developed method. A simple truss vibration control problem
has been employed to illustrate the design procedures, as well as
demonstrating the potentials of the developed method for
controlling very large dimensional repetitive truss structures.

Author
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03
STRUCTURAL CONCEPTS

Includes analyses and descriptions of different Space Station
structural concepts, arrangements, testing, methods of construction
and/or manufacturing and specific rotary joints, structural nodes,
and columns.

A89-10119*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.

RECENT DEVELOPMENTS IN THE EXPERIMENTAL
IDENTIFICATION OF THE DYNAMICS OF A HIGHLY
FLEXIBLE GRID

RAYMOND C. MONTGOMERY and TERRI LAZARUS (NASA,
Langley Research Center, Hampton, VA) ASME, Winter Annual
Meeting, 108th, Boston, MA, Dec. 13-18, 1987. 8 p. refs

(ASME PAPER 87-WA/DSC-19)

Control effectiveness tests of reaction wheel actuators attached
to a highly flexible grid are reported. Analytic determination of
actuator control effectiveness is accomplished with finite-element
modeling. Experimental determination is done with a least-square
parameter identification algorithm that identifies the control
coefficients of the second-order difference equation model of each
vibration mode. The algorithm assumes a model with frequency
and damping predetermined from free-decay tests for each mode.
Accounting for the difference in forced and resonant frequency
was necessary to produce control effectiveness estimates that
are in reasonable agreement with the analytic predictions. The
average error for control effectiveness coefficients greater than
5/sq sec was 6.384 percent. Author

A89-10533

STRUCTURAL DYNAMICS PROBLEMS OF FUTURE
SPACECRAFT SYSTEMS - NEW SOLUTION METHODS AND
PERSPECTIVES [STRUKTURDYNAMISCHE PROBLEME
ZUKUENFTIGER RAUMFAHRTSYSTEME - NEUE
LOESUNGSKONZEPTE UND PERSPEKTIVEN]

E. BREITBACH and H. HUENERS (DFVLR, Institut fuer Aeroelastik,
Goettingen, Federal Republic of Germany) IN: Yearbook 1987 I:
DGLR, Annual Meeting, Berlin, Federal Republic of Germany, Oct.
5-7, 1987, Reports. Bonn, Deutsche Geselischaft fuer Luft- und
Raumfahrt, 1987, p. 395-405. In German. refs

(DGLR PAPER 87-126)

The mechanical and thermal loads imposed on spacecraft and
payloads during launch and reentry, the methods used to predict
and simulate these loads, and the design implications of typical
loading levels are reviewed, with reference to the FRG Planning
Framework for High Technology and Space Flight. A typical satellite
mission profile is shown: the structural-dynamic qualification
process is outlined; system identification methods are described
in detail; and the fundamental principles of passive and active
vibration control are discussed. Extensive diagrams, drawings,
graphs, and photographs are provided. TK.

A89-10541#
A STUDY ON GROUND TESTING METHOD FOR LARGE
DEPLOYMENT ANTENNA
AKIRA MEGURO  Japan Society for Aeronautical and Space
Sciences, Journal (ISSN 0021-4663), vol. 36, no. 414, 1988, p.
326-332. In Japanese, with abstract in English. refs

The ground testing of large antenna deployment is important
in verifying it's deployment capability in geostationary orbit. But
the exact simulation of deployment motion by ground testing is
significantly inhibited due to prominent gravitational or atmospheric
effects on deployment motion. As a part of verification activity,
the object of this study is to estimate the influence of these ground
effects on deployment motion quantitatively and to define the best
method for ground deployment tests. Ground testing equipment
was constructed in such a way that gravity effects were canceied
by means of a suspending reflector from the point at 10 m high.



Careful consideration was given to friction torque and air drug
torque in simple model tests. Results closely correspond to the
results of ground testing for an actual antenna reflector. Author

A89-10570#
SOME BASIC EXPERIMENTS ON VIBRATION CONTROL OF
AN ELASTIC BEAM SIMULATING FLEXIBLE SPACE
STRUCTURE
HARUO KIMURA, NORIHIRO GOTO, YOSHIRO OKA, HIDEHIRO
FUKUDA, KAZUO TSUCHIYA et al. Kyushu University, Technology
Reports (ISSN 0023-2718), vol. 61, June 1988, p. 301-308. In
Japanese, with abstract in English. refs

An experimental apparatus has been developed for testing
control strategies for suppressing the vibration of flexible structure
model attached to a movable rigid body in connection with the
control problems of flexible space structures. The rigid body has
a vertical shaft which is magnetically suspended and free to rotate
about its axis, and the magnetic bearing is mounted on a table
that can be driven linearly by means of a ball-screw and d-c
servomotor device. Accordingly, the flexible model, an elastic beam
in the present case, can be given rotational and translational motion
superimposed to its own elastic deformation. Frictionless sensors
and actuators are prepared to measure and control the disturbed
motion of the model. Some experimental results are presented
which demonstrate the usefulness of the present apparatus for
testing interaction between the elastic and the rigid modes of
motion by applying the method of displacement and velocity
feedback control to the model. Author

AB89-10648" National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA,

LARGE SPACE STRUCTURES - STRUCTURAL CONCEPTS
AND MATERIALS

CHARLES P. BLANKENSHIP and ROBERT J. HAYDUK (NASA,
Langley Research Center, Hampton, VA) IN: International Pacific
Air and Space Technology Conference, Melbourne, Australia, Nov.
13-17, 1987, Proceedings. Warrendale, PA, Society of Automotive
Engineers, Inc., 1988, p. 243-271. refs

(SAE PAPER 872429)

Large space structures will be a key element of future space
activities. They will include spacecraft such as the planned Space
Station and large antenna/reflector structures for communications
and observations. These large structures will exceed 100 m in
length or 30 m in diameter. This paper provides an overview of
research in the space construction of large structures including
erectable and deployable concepts. Also, an approach to
automated, on-orbit construction is presented. Materials research
for space applications focuses on high stiffness, low expansion
composite materials that provide adequate durability in the space
environment. The status of these materials research activities is
discussed. Author

A89-10918
VIBRATION CONTROL OF A FLEXIBLE MANIPULATOR WITH
THREE DEGREES OF FREEDOM
YOSHIYUKI SAKAWA (Osaka University, Japan) IN: Recent
advances in communication and control theory. New York,
Optimization Software, Inc., 1987, p. 239-261. refs

A flexible manipulator having a parallel drive mechanism and
three degrees of freedom is treated. Only the forearm of the
manipulator is assumed to be flexible because it is slender and
carries a heavy end-effector. Both the elastic vibration of the arm
which occurs owing to flexibility and the positions of driving motors
should be controlled simultaneously. Partial differential equations
and boundary conditions that govern the elastic vibration of the
arm are derived. On the basis of a finite-dimensional modal model
of the distributed parameter system, an optimal feedback control
system is constructed by using the outputs of several sensors.

Author
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AB9-11094
FLEXIBILITY CONTROL OF FLEXIBLE STRUCTURES -
MODELING AND CONTROL METHOD OF BENDING-TORSION
COUPLED VIBRATIONS
TOSHIO FUKUDA, FUMIHITO ARAI, HIDEMI HOSOGAI (Tokyo,
Science University, Japan), and NOBUYUKI YAJIMA (Tokyo,
University, Japan) JSME International Journal, Series Il (ISSN
0914-8825), vol. 31, Sept. 1988, p. 575-582. refs

This paper describes a modeling of bending-torsion coupled
vibrations of flexible structures, such as solar battery arrays, and
a control method based on this model. The bending-torsion coupled
vibrations are modeled by the unconstrained mode method in the
case that the center of flexure does not coincide with the centroid
in the cross section. The system and the observation equations
of this system are derived after the modal decomposition.
Considering the state feedback control system with the state
estimator, we elucidate the effect of the coupling terms in this
system. Furthermore, a control method to deal with noise
contamination of the sensors is also shown. Finally, some
simulation resuits of the bending-torsion coupled vibration control
are presented. Author

AB9-11656#
SQUARE ROOT FILTERING FOR CONTINUOUS-TIME MODELS
OF LARGE SPACE STRUCTURES
Y. OSHMAN and D. J. INMAN (New York, State University,
Buffaio) IN: Dynamics and control of large structures; Proceedings
of the Sixth VPI&SU/AIAA Symposium, Blacksburg, VA, June
29-July 1, 1987. Blacksburg, VA, Virginia Polytechnic Institute and
State University, 1988, p. 61-75. refs

This paper presents a filtering method which exploits the special
properties of large flexible structure models. In particular, a new
square root filtering method is presented for a class of second
order, continuous-time stochastic models of flexible structures. The
method is based on the spectral decomposition of the estimation
error covariance matrix into its V-Lambda factors, where V is the
matrix whose columns are the covariance eigenvectors and Lambda
is the diagonal matrix of eigenvalues. Author

AB89-11658+#
DECENTRALIZED CONTROL OF LARGE-SCALE SYSTEMS
F. M. PITMAN and M. AHMADIAN (Clemson University, SC) IN:
Dynamics and control of large structures; Proceedings of the Sixth
VPI&SU/AIAA Symposium, Blacksburg, VA, June 29-July 1, 1987.
Blacksburg, VA, Virginia Polytechnic Institute and State University,
1988, p. 103-118. Research supported by USAF, Eastman Kodak
Co., and Clemson University. refs

Decentralized control of large-scale modular type structures,
similar to those intended for use in space, is addressed. A two-level
control strategy consisting of local and global controllers is used
to control the system. The global controllers are used to minimize
the effect of coupling and the local controllers are employed to
accomplish optimal performance and stability. A set of stability
conditions based on the properties of the subsystems is presented
for the overall system. Finally, a system consisting of two simply
supported beams coupled by a spring is used to demonstrate the
application of the method and the effects of coupling on the
proposed control strategy. Author

AB9-11660#

EVALUATION OF TWO IDENTIFICATION METHODS FOR
DAMAGE DETECTION IN LARGE SPACE TRUSSES

S. WEAVER SMITH and S. L. HENDRICKS (Virginia Polytechnic
Institute and State University, Blacksburg)  IN: Dynamics and
control of large structures; Proceedings of the Sixth VPI&SU/AIAA
Symposium, Blacksburg, VA, June 29-July 1, 1987. Blacksburg,
VA, Virginia Polytechnic Institute and State University, 1988, p.
127-141.

Two methods of system identification are evaluated with respect
to the application of damage detection for large space trusses.
The first method, developed by Kabe (1985), uses the known
physical connectivity of the structure to preclude unreasonable
couplings while identifying the elements of the stiffness matrix.
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White and Maytum (1976) developed a method that uses linear
perturbations of submatrices and an energy distribution analysis
to identify the elements of the stiffness matrix. Evaluations of
these methods were conducted with three test systems - a
spring-mass model, a planar truss model, and a three-dimensional
truss mode! patterned after the Space Station truss. Author

A89-11661#
SYSTEM IDENTIFICATION EXPERIMENTS FOR FLEXIBLE
STRUCTURE CONTROL
S. YURKOVICH (Ohio State University, Columbus) IN: Dynamics
and control of large structures; Proceedings of the Sixth
VPI&SU/AIAA Symposium, Blacksburg, VA, June 29-July 1, 1987.
Blacksburg, VA, Virginia Polytechnic Institute and State University,
1988, p. 143-157. refs

Several competing methods for parameter estimation and model
identification of flexible mechanical structures are discussed.
Primary emphasis in the problem formulation is not on extracting
structural or modal information from the identification exercise;
rather, the focus is on identification of model parameters which
are amenable to control applications and design. On-line and
off-line techniques are discussed, and simulation and experimental
results are presented. Author

AB9-11662#
TIME-VARIABLE REDUCED ORDER MODELS - AN
APPROACH TO IDENTIFICATION AND ACTIVE
SHAPE-CONTROL OF LARGE SPACE STRUCTURES
J. MARCZYK (Tecnomare S.p.A., Milan, italy) IN: Dynamics and
control of large structures; Proceedings of the Sixth VPI&SU/AIAA
Symposium, Blacksburg, VA, June 29-July 1, 1987. Blacksburg,
VA, Virginia Polytechnic Institute and State University, 1988, p.
1569-170. refs

The paper describes an approach to the identification/active
configuration-control problem of exceptionally large space
structures  (LSS) characterized by low and clustered
eigenfrequencies. A time-dependent compensator is suggested for
control of such systems. A large number of discrete displacement
and velocity sensors are employed to determine uniquely the
excited states which become the basis of a control-design reduced
order model (ROM). Combining this approach with local feedback
leads to an efficient distribution of the control effort in both
frequency and space. The suggested control strategy is tested by
computer simulations of a free-free beam. Author

AB9-11663"#
Blacksburg.
A RAYLEIGH-RITZ APPROACH TO STRUCTURAL
PARAMETER IDENTIFICATION

L. MEIROVITCH, M. A. NORRIS (Virginia Polytechnic Institute and
State University, Blacksburg), and J. P. WILLIAMS (NASA, Langley
Research Center, Hampton, VA) IN: Dynamics and control of
large structures; Proceedings of the Sixth VPI&SU/AIAA
Symposium, Blacksburg, VA, June 29-july 1, 1987. Blacksburg,
VA, Virginia Polytechnic Institute and State University, 1988, p.
171-183. refs

(Contract NAG1-225)

This paper is concerned with the identification of parameter
distributions in large space structures. The formulation is based
on a Rayleigh-Ritz type approach working with the actual
displacement at a given number of points in the structure. The
parameter distributions are expanded in terms of known admissible
functions multiplied by unknown cosfficients, and the identification
process reduces to the determination of these coefficients. The
procedure uses a perturbation approach, beginning with a
postulated set of parameters and iterating to the actual values in
an incremental fashion. Author

Virginia Polytechnic Inst. and State Univ,,

A89-11664#

'DAISY’ - A LABORATORY FACILITY TO STUDY THE
CONTROL OF LARGE FLEXIBLE SPACECRAFT

G. B. SINCARSIN, W. G. SINCARSIN (Dynacon Enterprises, Ltd.,
Downsview, Canada), P. C. HUGHES (Toronto, University,
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Downsview, Canada), and A. H. REYNAUD (CDC, Communications
Research Centre, Ottawa, Canada) IN: Dynamics and control of
large structures; Proceedings of the Sixth VPI&SU/AIAA
Symposium, Blacksburg, VA, June 29-July 1, 1987. Blacksburg,
VA, Virginia Polytechnic Institute and State University, 1988, p.
185-200. CDC-NSERC-supported research.

Approximately five years ago, the Canadian Department of
Communications began to fund the design and construction of
Daisy - a structure suitable for carrying out laboratory experiments
on the control of flexible structures. Now completed, the Daisy
structure has three rigid and 20 elastic degrees of freedom, very
low frequencies (about 0.1 Hz), very low damping (about 0.6
percent), ‘clustered’ modes, and the potential to study both attitude
control and shape control. This paper briefly describes Daisy and
the sensors and actuators with which it is currently endowed.
Sensors include digital encoders for 'attitude’ measurements, and
accelerometers; actuators include three reaction wheels, and
thrusters. Author

AB9-11666"# Catholic Univ. of America, Washington, DC.
OPTIMUM VIBRATION CONTROL OF FLEXIBLE BEAMS BY
PIEZO-ELECTRIC ACTUATORS

A. BAZ, S. POH (Catholic University of America, Washington, DC),
and P. STUDER (NASA, Goddard Space Flight Center, Greenbelt,
MD) IN: Dynamics and control of large structures; Proceedings
of the Sixth VPI&SU/AIAA Symposium, Blacksburg, VA, June
29-July 1, 1987. Blacksburg, VA, Virginia Polytechnic Institute and
State University, 1988, p. 217-234. Previously announced in STAR
as NB87-18880. refs

(Contract NAG5-520)

The utilization of piezoelectric actuators in controlling the
structural vibrations of flexible beams is examined. A Modified
Independent Modal Space Control (MIMSC) method is devised to
enable the selection of the optimal location, control gains and
excitation voltage of the piezoelectric actuators in a way that would
minimize the amplitudes of vibrations of beams to which these
actuators are bonded, as well as the input control energy necessary
to suppress these vibrations. The developed method accounts for
the effects that the piezoelectric actuators have on changing the
elastic and inertial properties of the flexible beams. Numerical
examples are presented to illustrate the application of the
developed MIMSC method in minimizing the structural vibrations
of beams of different materials when subjected to different loading
and end conditions using ceramic or polymeric piezoelectric
actuators. The obtained results emphasize the importance of the
devised method in designing more realistic active control systems
for flexible beams, in particular, and large flexible structures in
general. Author

AB9-11667#

A LABORATORY FACILITY FOR FLEXIBLE STRUCTURE
CONTROL EXPERIMENTS

U. OZGUNER, S. YURKOVICH, J. MARTIN, and P. KOTNIK (Ohio
State University, Columbus) IN: Dynamics and contro} of large
structures; Proceedings of the Sixth VPI&SU/AIAA Symposium,
Blacksburg, VA, June 29-July 1, 1987. Blacksburg, VA, Virginia
Polytechnic Institute and State University, 1988, p. 235.250.
Research supported by Whirlpoo! Co. refs

(Contract NSF DMC-85-06143)

A laboratory facility to study various control problems related
to flexible mechanical structures has been developed. Various
experimental configurations that address generic problems in large
flexible space structures and flexible robotic manipulators have
been, and are being, developed. While problems in vibration
damping and slewing are being considered from the view point of
modeling, identification and control, a major part of the effort is
also directed toward true actuation, sensing, and feedback
implementation issues. Author

AB9-11674#

ON THE ACTIVE VIBRATION CONTROL OF DISTRIBUTED
PARAMETER SYSTEMS

P. HAGEDORN and J. T. SCHMIDT (Darmstadt, Technische



Hochschule, Federal Republic of Germany)  IN: Dynamics and
control of large structures; Proceedings of the Sixth VPI&SU/AIAA
Symposium, Blacksburg, VA, June 29-July 1, 1987. Blacksburg,
VA, Virginia Polytechnic Institute and State University, 1988, p.
359-373. Research supported by the Stiftung Volkswagenwerk.
refs

In this paper the traveling wave approach is discussed for the
vibration control of networks of slender flexible structural
components. The results previously obtained for the wave equation
with the traveling wave approach are reviewed. After the discussion
of the wave equation, an active vibration control is then designed
for the Timoshenko beam in a similar way. To this end, the
equations of motion of the Timoshenko beam are used in the
normal form of a hyperbolic system. Results of numerical
simulations are also presented. Author

A89-11675#
OBSERVABILITY OF A BERNOULLI-EULER BEAM USING
PVF2 AS A DISTRIBUTED SENSOR
S. E. MILLER and J. HUBBARD (Charles Stark Draper Laboratory,
Inc., Cambridge, MA)  IN: Dynamics and control of large structures;
Proceedings of the Sixth VPI&SU/AIAA Symposium, Blacksburg,
VA, June 29-July 1, 1987. Blacksburg, VA, Virginia Polytechnic
Institute and State University, 1988, p. 375-390. refs

A theoretical model for spatially distributed sensors on a flexible
peam was derived without the necessity of modeling the beam in
terms of its component vibrational modes. The model provides
insight into the observability of beams with nearly arbitrary boundary
conditions. The sensor distribution may be spatially shaped so as
to function similar to point sensors or to produce a signal in which
certain vibrational modes of the structure are weighted more than
others. The model was verified for the first three modes of a
cantilever beam. Spatially uniform and linear-varying sensors
constructed from polyvinylidene fluoride (PVF2) were applied to a
clamped-free beam. in further experimentation both PVF2 sensors
and actuators were used as the active components of a vibration
isolation system. Author

A89-11681*# Catholic Univ. of America, Washington, DC.
MODIFIED INDEPENDENT MODAL SPACE CONTROL
METHOD FOR ACTIVE CONTROL OF FLEXIBLE SYSTEMS

A. BAZ, S. POH (Catholic University of America, Washington, DC),
and P. STUDER (NASA, Goddard Space Flight Center, Greenbelt,
MD) IN: Dynamics and contro! of large structures; Proceedings
of the Sixth VPI&SU/AIAA Symposium, Blacksburg, VA, June
29-July 1, 1887. Blacksburg, VA, Virginia Polytechnic Institute and
State University, 1988, p. 477-493. Previously announced in STAR
as NB7-23980. refs

(Contract NAG5-520; NAGS5-748)

A modified independent modai space control (MIMSC) method
is developed for designing active vibration control systems for
large flexible structures. The method accounts for the interaction
between the controlled and residual modes. It incorporates also
optimal placement procedures for selecting the optimal locations
of the actuators in the structure in order to minimize the structural
vibrations as well as the actuation energy. The MIMSC method
relies on an important feature which is based on time sharing of
a small number of actuators, in the modal space, to control
effectively a large number of modes. Numerical examples are
presented to illustrate the application of the method to generic
flexible systems. The results obtained suggest the potential of the
devised method in designing efficient active control systems for
large flexible structures. Author

AB9-11685#

OPTIMAL VIBRATION CONTROL OF A FLEXIBLE
SPACECRAFT DURING A MINIMUM-TIME MANEUVER

L. MEIROVITCH and Y. SHARONY (Virginia Polytechnic Institute
and State University, Blacksburg) IN: Dynamics and control of
large structures; Proceedings of the Sixth VPI&SU/AIAA
Symposium, Blacksburg, VA, June 29-July 1, 1987. Blacksburg,
VA, Virginia Polytechnic Institute and State University, 1988, p.
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§79-601. refs
(Contract F33615-86-C-3233)

This paper is concerned with the simultaneous maneuver and
vibration control of a flexibie spacecraft. The problem is solved
by means of a perturbation approach whereby the slewing of the
spacecraft regarded as rigid represents the zero-order problem
and the control of vibration, as well as of perturbations from the
rigid-body maneuver, represents the first-order problem. The
zero-order control is to be carried out in minimum time, which
implies bang-bang control. On the other hand, the first-order control
is a time-dependent linear quadratic regulator including integral
feedback and prescribed convergence rate. Author

AB89-11689#
DYNAMICS SIMULATION OF SPACE STRUCTURES SUBJECT
TO CONFIGURATION CHANGE
Y. OHKAMI, O. OKAMOTO, T. KIDA, and |. YAMAGUCH! (National
Aerospace Laboratory, Tokyo, Japan) IN: Dynamics and control
of large structures; Proceedings of the Sixth VPI&SU/AIAA
Symposium, Blacksburg, VA, June 29-July 1, 1987. Blacksburg,
VA, Virginia Polytechnic Institute and State University, 1988, p.
647-659. refs

The unified matrix approach is used to develop a computer
algorithm capable of simulating the dynamics of complex large
space structures with variable configuration. This capability is
realized through the use of a generic hinge and constraint index
matrices that can handle kinetic and kinematic constraints in a
unified manner. The algorithm has been successfully used to
simulate a series of manipulator operations including changes in
topology and constraint conditions. V.L

A89-11692*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
ANALYSIS AND TEST OF A SPACE TRUSS FOLDABLE HINGE
N. A. NIMMO, G. C. HORNER (NASA, Langley Research Center,
Hampton, VA), and J. LAUFER (PRC Kentron, inc., Hampton, VA)
IN: Dynamics and control of large structures; Proceedings of the
Sixth VPI&SU/AIAA Symposium, Blacksburg, VA, June 29-July 1,
1987. Blacksburg, VA, Virginia Polytechnic Institute and State
University, 1988, p. 697-711. refs

The Mini-Mast is a 20-meter long deployable, three-longeron,
truss-beam being used to develop analytical and experimental
methods for predicting the physical behavior of large space
structures. With 57 corner-body hinges and 54 mid-body hinges,
the Mini-Mast is highly joint-dominated, necessitating inclusion of
the compliance of the joints in analytical models. This study
demonstrates an approach for calculating the stiffness properties
of a complicated hinge called the mid-body hinge. The process
includes detailed modeling with solid-body modeling software and
the use of finite element analysis. Load-deflection tests were
conducted to determine the axial stiffness of the mid-body hinge.
This is compared to the axial stiffness value determined from a
finite element analysis. Author

A89-11693*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
DESIGN OF GROUND TEST SUSPENSION SYSTEMS FOR
VERIFICATION OF FLEXIBLE SPACE STRUCTURES
V. M. COOLEY, J. N. JUANG (NASA, Langley Research Center,
Hampton, VA), and P. GHAEMMAGHAMI (Old Dominion University,
Norfolk, VA) IN: Dynamics and control of large structures;
Proceedings of the Sixth VPI&SU/AIAA Symposium, Blacksburg,
VA, June 29-July 1, 1987. Blacksburg, VA, Virginia Polytechnic
Institute and State University, 1988, p. 713-725. refs

A simple model demonstrates the frequency-increasing effects
of a simple cable suspension on flexible test article/suspension
systems. Two passive suspension designs, namely a negative
spring mechanism and a rolling cart mechanism, are presented to
alleviate the undesirable frequency-increasing effects. Analysis
methods are provided for systems in which the augmentations
are applied to both discrete and continuous representations of
test articles. The damping analyses are based on friction equivalent
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viscous damping. Numerical examples are given for comparing
the two augmentations with respect to minimizing frequency and
damping increases. Author

A89-12134
GEOMETRIC NON-LINEAR SUBSTRUCTURING FOR
DYNAMICS OF FLEXIBLE MECHANICAL SYSTEMS
SHIH-CHIN WU and EDWARD J. HAUG (lowa, University, lowa
City) International Journal for Numerical Methods in Engineering
(ISSN 0029-5981), vol. 26, Oct. 1988, p. 2211-2226. refs

A procedure for including individual-member geometric
nonlinearities in standard FEM analytical models of flexible
multibody structures is developed and demonstrated. The
limitations imposed by multibody analyses based on linear-elastic
small-deformation models of components are discussed, and a
unified substructure formulation is derived for small-strain geometric
nonlinearities. The procedure is based on the convected-
coordinates approach of Belytschko and Hsieh (1973) and
Housner (1984), but is independent of the type of finite element
employed. The compatibility constraints, the substructure synthesis
method, and the selection of the deformation mode are discussed,
and numerical results for a rotating beam and a truss space
structure are presented in extensive graphs and characterized in
detail. TK.

A89-12573
ON THE EXPLOITATION OF GEOMETRICAL SYMMETRY IN
STRUCTURAL COMPUTATIONS OF SPACE POWER
STATIONS
ALAIN BOSSAVIT (Electricite de France, Clamart) Space Power
(ISSN 0951-5089), vol. 7, no. 2, 1988, p. 199-210. refs

An account is given of the principles of computational structural
analysis. Means of exploiting the geometrical symmetry of space
structures to save on the computational cost of their mechanical
characteristics are discussed. Bilateral symmetry is considered as
well as the assembly of elements. K.K.

AB89-12635 Howard Univ., Washington, DC.
ORIENTATION AND SHAPE CONTROL OF OPTIMALLY
DESIGNED LARGE SPACE STRUCTURES
PETER M. BAINUM and K. SATYANARAYANA (Howard University,
Washington, DC)  IN: Astrodynamics 1987; Proceedings of the
AAS/AIAA Astrodynamics Conference, Kalispell, MT, Aug. 10-13,
1987. Part 1. San Diego, CA, Univelt, Inc., 1988, p. 133-143.
Research supported by Howard University and NASA. refs
(AAS PAPER 87-415)

in this study, the vibration and orientation control of large space
structures using the linear quadratic regulator technique is
investigated. Emphasis is placed on the control of both a ciass of
optimally designed structures and uniform structures meeting the
mission requirements using a long free-free beam in orbit as an
example. The open loop and closed loop dynamics are compared
and the transient responses are obtained to determine the
effectiveness of the control system design. Author

AB9-12636

OPTIMAL CONFIGURATION AND TRANSIENT DYNAMIC
ANALYSES OF STATICALLY DETERMINATE ADAPTIVE
TRUSS STRUCTURES FOR SPACE APPLICATION

KAZUO YAMAMOTO, MASAKI TABATA (Mitsubishi Electric Corp.,
Central Research Laboratory, Amagasaki, Japan), and KORYO
MIURA (Tokyo, University, Japan) IN: Astrodynamics 1987;
Proceedings of the AAS/AIAA Astrodynamics Conference,
Kalispell, MT, Aug. 10-13, 1987. Part 1. San Diego, CA, Univelt,
inc., 1988, p. 145-160.

(AAS PAPER 87-417)

Numerical procedures on optimal configuration and transient
dynamics are developed for a statically determinate adaptive truss
called Variable Geometry Truss. The equations of optimization
are formulated so that the change in a geometrical amount from
the initial state may be minimized, with constraint conditions relating
to the configuration of the truss. Then, transient dynamics toward
the optimal configuration is formulated using the energy method
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with and without consideration of the elasticity of members.

Solutions of the nonlinear algebraic and differential equations are

successfully obtained by use of the iterative numerical schemes.
Author

A89-12647

FLEXIBILITY MODELING METHODS IN MULTIBODY
DYNAMICS

R. R. RYAN (Michigan, University, Ann Arbor) IN: Astrodynamics
1987, Proceedings of the AAS/AIAA Astrodynamics Conference,
Kalispell, MT, Aug. 10-13, 1987. Part 1. San Diego, CA, Univelt,
Inc., 1988, p. 365-385. refs

(AAS PAPER 87-431)

Methods used in multibody dynamics formalisms to model
flexible bodies undergoing large overall motions and small
deformations are studied with the aid of a simple example problem.
Limitations in the most common modeling approach, involving
assumed modes, are pointed out and ramifications are discussed.
Two new procedures are presented and the relative merits of
computer implementation of each of these are considered.

Author

A89-12648

DYNAMICS OF GRAVITY ORIENTED SATELLITES WITH
THERMALLY FLEXED APPENDAGES

A. C. NG and V. J. MODI (British Columbia, University, Vancouver,
Canada) IN: Astrodynamics 1987; Proceedings of the AAS/AIAA
Astrodynamics Conference, Kalispell, MT, Aug. 10-13, 1987. Part
1. San Diego, CA, Univelt, Inc., 1988, p. 387-410.

(Contract NSERC-G-1547)

(AAS PAPER 87-432)

Equations are presented for the motion of a satellite with a
rigid central body and a pair of appendages deforming due to
thermal eftects of solar radiation. it is shown that, for a circular
orbit, the flexible system can become unstable under critical
combinations of system parameters and initial conditions afthough
the corresponding rigid system continues to be stable. In the case
of eccentric orbits, depending on the initial conditions, thermally
flexed appendages can stabilize or destabilize the system. K.K.

A89-12661"*
Pasadena.
MODEL REDUCTION IN THE SIMULATION OF
INTERCONNECTED FLEXIBLE BODIES

FIDELIS O. EKE and GUY K. MAN (California institute of
Technology, Jet Propulsion Laboratory, Pasadena) IN:
Astrodynamics 1987; Proceedings of the AAS/AIAA Astrodynamics
Conference, Kalispell, MT, Aug. 10-13, 1987. Part 1. San Diego,
CA, Univelt, Inc., 1988, p. 603-612. refs

(AAS PAPER 87-455)

Given the control system specifications for a system of
interconnected rigid and flexible bodies, methods now exist for
determining the system modes that do not interact "strongly’ with
the controller. Once these important system modes are known,
there still remains the problem of determining the modes of
individual bodies that should be retained, since, in the final analysis,
it is the modal information at the component level that must be
fed into any multibody simulation code. Systematic identification
of these component modes is achieved through a two-phase matrix
diagonalization process starting with judiciously chosen submatrices
of the system modal matrix. Author

Jet Propulsion Lab., California Inst. of Tech.,

A89-15501
INTERNATIONAL MODAL ANALYSIS CONFERENCE, 6TH,
KISSIMMEE, FL, FEB. 1-4, 1988, PROCEEDINGS. VOLUMES 1
&2
Conference sponsored by Union College and SEM. Bethel, CT,
Society for Experimental Mechanics, Inc., 1988, p. Vol. 1, 874 p.;
vol. 2, 915 p. For individual items see A89-15502 to AB89-15645.
Topics considered inciude analytical methods, structural
dynamic modification, seismic topics, modal test methods,
noise/acoustics, experimental techniques, finite element analysis,
transducers and instrumentation, linking analysis and test, and



processing modal data. Consideration is also given to space
structures, machinery diagnostics, design methods, substructuring,
nonlinear structures, system identification and control, and
damping. B.J.

AB89-15587
ACTIVE VIBRATION CONTROL OF FLEXIBLE STRUCTURE
BY EIGENSTRUCTURE ASSIGNMENT TECHNIQUE
Q. ZHANG, JIM Y. H. LIU, RANDALL J. ALLEMANG, and Y. G.
TSUEI (Cincinnati, University, OH) IN: International Modal Analysis
Conference, 6th, Kissimmee, FL, Feb. 1-4, 1988, Proceedings.
Volume 2. Bethel, CT, Society for Experimental Mechanics, Inc.,
1988, p. 1015-1019. refs

A method to control the dynamic response of flexible structures
from experimental modal data is investigated. Based on sensitivity
analysis, locations of actuators are predetermined. By applying
the Eigenstructure Assignment Technique, the desired frequencies,
the damping and the mode shapes can be chosen to calculate
the feedback gain matrix. From the calculated feedback gain matrix,
the feedback loop control system can be designed. Even under
unknown external excitation, vibration of some critical points can
be suppressed, or constrained to vibrate within certain bounds by
the Eigenstructure Assignment Technique. Numerical examples are
presented to support this approach. Author

A89-15617

A COMPARISON BETWEEN SINGLE POINT EXCITATION AND
BASE EXCITATION FOR SPACECRAFT MODAL SURVEY
YUICHI MURAKOSH! and FUMIHIRO KUWAO (Toshiba Corp.,
Komukai Works, Kawasaki, Japan) IN: International Modal Analysis
Conference, 6th, Kissimmee, FL, Feb. 1-4, 1988, Proceedings.
Volume 2. Bethel, CT, Society for Experimental Mechanics, Inc.,
1988, p. 1365-1370.

For large, complex spacecraft structural systems, it is very
important to obtain structural dynamic characteristics by modal
survey. For obtaining accurate modal parameters, a suitable
excitation method, data acquisition method, and data analysis
method in the modal survey should be selected. In particular,
accurate results will be obtained by good selection of the excitation
method. Thsi paper presents a comparison of modal parameters
obtained by single point excitation and base excitation in a modal
survey of the truss structure. Author

A89-16117#
ADAPTIVE STRUCTURE CONCEPT FOR FUTURE SPACE
APPLICATIONS
KORYO MIURA (Tokyo, University, Kanagawa, Japan) and
HIROSHI FURUYA (Nagoya University, Japan) AlAA Journal
(ISSN 0001-1452), vol. 26, Aug. 1988, p. 995-1002. refs

A concept of an adaptive structure for future space applications
is investigated. The definition of the adaptive structure is that the
structure can purposefully vary its geometric configuration as well
as its physical properties. It is shown that the variable geometry
(VG) truss is the basic form of the adaptive structure. It consists
of a repetition of an octahedral truss module in which some of
the truss members can vary their lengths continuously using
actuators. By this mechanism, the VG truss can change its
configuration arbitrarily in three-dimensional space while inherent
high stiffness is maintained during the transformation. The basic
formulations for its geometry, structural errors, and vibrational
properties are established. Some applications, including a
second-generation manipulator arm, support architecture for a
space station, and others, are discussed. The functional model!
controlled by a computer demonstrates satisfactorily the basic
motions of the VG truss. Author

A89-16152#

EXACTLY SOLVING THE WEIGHTED TIME/FUEL OPTIMAL
CONTROL OF AN UNDAMPED HARMONIC OSCILLATOR
MARCELO LOPES DE OLIVEIRA E SOUZA (Instituto de Pesquisas
Espaciais, Sao Jose dos Campos, Brazil) Journal of Guidance,
Control, and Dynamics (ISSN 0731-5080), vol. 11, Nov.-Dec. 1988,
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p. 488-494. Research supported by the Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico and Instituto de
Pesquisas Espaciais. refs

The exact solution presented for the weighted time/fuel optimal
control of an undamped harmonic oscillator having one bounded
control and any initial state is motivated by the desire to improve
the final behavior of Vander Velde (1983) trajectories for large
space structures’ on-off control. An investigation is accordingly
made of the existence, normality, and uniqueness of both the
extremals and the optimal solution; numerical comparisons are
then made between the approximate and exact solutions according
to three criteria. Q.C.

A89-16159" #
Blacksburg.
MANEUVER AND VIBRATION CONTROL OF SCOLE

R. D. QUINN and L. MEIROVITCH (Virginia Polytechnic Institute
and State University, Blacksburg) (Guidance, Navigation and
Control Conference, Williamsburg, VA, Aug. 18-20, 1986, Technical
Papers, p. 115-129) Journal of Guidance, Control, and Dynamics
(ISSN 0731-5090), vol. 11, Nov.-Dec. 1988, p. 542-553. Previously
cited in issue 23, p. 3426, Accession no. A86-47415. refs
(Contract NAG1-225)

Virginia Polytechnic inst. and State Univ,,

AB9-16161"# Texas Univ., Austin.

BLOCK-KRYLOV COMPONENT SYNTHESIS METHOD FOR
STRUCTURAL MODEL REDUCTION

ROY R. CRAIG, JR. (Texas, University, Austin) and ARTHUR L.
HALE (General Dynamics Corp., Space Systems Div., San Diego,
CA) Journal of Guidance, Control, and Dynamics (ISSN
0731-5090), vol. 11, Nov.-Dec. 1988, p. 562-570. refs

(Contract NAS9-17254)

A new analyticai method is presented for generating component
shape vectors, or Ritz vectors, for use in component synthesis.
Based on the concept of a block-Krylov subspace, easily derived
recurrence relations generate blocks of Ritz vectors for each
component. The subspace spanned by the Ritz vectors is called
a block-Krylov subspace. The synthesis uses the new Ritz vectors
rather than component normal modes to reduce the order of large,
finite-element component models. An advantage of the Ritz vectors
is that they involve significantly less computation than component
normal modes. Both ‘free-interface’ and 'fixed-interface’ component
models are derived. They yield block-Krylov formulations paralleling
the concepts of free-interface and fixed-interface component modal
synthesis. Additionally, block-Krylov reduced-order component
models are shown to have special disturbability/observability
properties. Consequently, the method is attractive in active
structural control applications, such as large space structures. The
new fixed-interface methodology is demonstrated by a numerical
example. The accuracy is found to be comparable to that of
fixed-interface component modal synthesis. Author

AB9-16162#

IDENTIFICATION METHOD FOR LIGHTLY DAMPED
STRUCTURES

NELSON G. CREAMER (General Research Corp., Arlington, VA)
and JOHN L. JUNKINS (Texas A & M University, College Station)
(Structures, Structural Dynamics and Materials Conference, 28th,
Monterey, CA, Apr. 6-8, 1987 and AIAA Dynamics Specialists
Conference, Monterey, CA, Apr. 9, 10, 1987, Technical Papers.
Part 2A, p. 163-171) Journal of Guidance, Control, and Dynamics
(ISSN 0731-5090), vol. 11, Nov.-Dec. 1988, p. 571-576. Previously
cited in issue 14, p. 2171, Accession no. A87-33669. refs

AB9-16964
DISTRIBUTED ACTUATOR CONTROL DESIGN FOR FLEXIBLE
BEAMS
SHAWN E. BURKE and JAMES E. HUBBARD, JR. (Charles Stark
Draper Laboratory, Inc.,, Cambridge, MA) Automatica (ISSN
0005-1098), vol. 24, Sept. 1988, p. 619-627. Research supported
by Charles Stark Draper Laboratory, Inc. refs

The application of a piezoelectric film actuator to the active
vibration control of beams is studied for general boundary
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conditions and nonuniform film spatial distributions. it is shown
that, while for most boundary configurations a spatially uniform
control is appropriate, pinned-pinned, free-free, clamped-sliding,
and clamped-clamped beams require nonuniform spatial
distributions to be controllable. B.J.

AB89-17659#

U.S. SPACE STATION FREEDOM - ORBITAL ASSEMBLY AND
EARLY MISSION OPPORTUNITIES

DAVID C. WENSLEY (McDonnell Douglas Astronautics Co., Space

Station Div.,, Huntington Beach, CA}) IAF, International
Astronautical Congress, 39th, Bangalore, India, Oct. 8-15, 1988.
15 p.

(IAF PAPER 88-065)

The launch and assembly sequence and mission support
capabilities of the man-tended and permanently manned modes
of the Space Station are discussed. Launch packaging and
construction in orbit, extravehicular activities associated with the
Space Station, operational phases, mission opportunities, and
payloads are examined. R.B.

AB9-17660#

IDENTIFICATION OF MODAL PARAMETERS IN LARGE
SPACE STRUCTURES

M. SEETHARAMA BHAT (indian Institute of Science, Bangalore,
India) and THOMAS LANGE (DFVLR, Oberpfaftenhofen, Federal
Republic of Germany) I|AF, International Astronautical Congress,
39th, Bangalore, india, Oct. 8-15, 1988. 6 p. refs

(IAF PAPER 88-066)

A method for estimating modal parameters in large space
structures from transfer function data using the sequential linear
least square estimation/conjugate gradient aigorithm is studied.
The mode shape functions are determined from experimental data
using the conjugate gradient algorithm for the best curve fit to the
experimental data. The mode shape functions are used to
determine the control influence, the output, and the optimal
positioning of sensor and actuators. Possible applications of the
method are considered. R.B.

AB89-17750+#

INTRODUCING INTELLIGENCE INTO STRUCTURES

KORYO MIURA (Tokyo, University, Japan) and SABURO
MATUNAGA IAF, International Astronautical Congress, 39th,
Bangalore, India, Oct. 8-15, 1988. 11 p.

(IAF PAPER 88-267)

Intelligent truss structures to be assembled by Al-directed
robotic means in orbit will, after sufficient development and
optimization, be capable of arbitrarily changing their configuration
and sensing their own internal geometry, while the assembly robot
furnishes external-geometry data as well as the power required
for structure actuators’ operation. It is shown that the work space
required by such a structure is different from that of a manipulator
arm. Work space solutions are presented for continuous models
and for general discrete models; the work spaces are
oval-shaped. O.C.

AB89-17751#

A CONTRIBUTION TO THE STUDY OF THE PRECISE
PRESSURIZED STRUCTURES

C. ARDUINI, U. PONZI {(Roma |, Universita, Rome, Maly), and M.
C. BERNASCONI (Contraves AG, Zurich, Switzerland) IAF,
international Astronautical Congress, 39th, Bangalore, India, Oct.
8-15, 1988. 27 p. refs

(IAF PAPER 88-268)

An analytical study of membrane toroidal inflatable structures
for outer space is reported. The analysis determines the most
economic configuration for an assembly scheme for a perfect torus.
The theoretical models considered inciude a circular homogeneous
isotropic torus reference model, a polygonal approximation model,
and a parallel approximation model. The analytical approaches
are checked against a numerical Nastran model for the polygonal
cut case. C.D.
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AB9-17753#

A FINITE ELEMENT APPROACH FOR COMPOSITE SPACE
STRUCTURES

R. BARBONI, P. GAUDENZI, and P. SANTINI (Roma |, Universita,
Rome, Italy) IAF, International Astronautical Congress, 39th,
Bangalore, India, Oct. 8-15, 1988. 10 p. refs

(IAF PAPER 88-273)

A class of finite elements is developed to analyze laminated
anisotropic plates for defiections, stresses, natural frequencies,
and buckling loads. Particular attention is paid to accurate
evaluation of strain field, especially transverse shear strain, due
to the three-dimensional character of the problem. Several
problems are studied, showing the effects of the aspect ratio and
of the Young modulus to shear modulus ratio on bending, vibration,
and stability of the plate. The numerical results are compared
with those available by classical laminate theory. Author

AB9-177544#

CONCEPT OF INFLATABLE ELEMENTS SUPPORTED BY
TRUSS STRUCTURE FOR REFLECTOR APPLICATION

SUMIO KATO, YASUHIRO TAKESHITA, YOSHINORI SAKAI
(Kawasaki Heavy Industries, Ltd., Aircraft Engineering Div.,
Kakamigahara, Japan), OSAMU MURAGISHI (Kawasaki Heavy
Industries, Ltd., Technical Institute, Akashi, Japan), YUZO
SHIBAYAMA (NEC Corp., Space Development Div., Yokohama,
Japan) et al. IAF, International Astronautical Congress, 39th,
Bangalore, India, Oct. 8-15, 1988. 15 p. refs

(IAF PAPER 88-274)

A concept of a modularized inflatable space structure which is
composed of inflatable slements supported by truss structure for
high-precision reflector missions in relatively near future is proposed
to avoid some difficulties of conventional inflatable concept, such
as the lack of inside hard points and the precisely accurate
manufacturing process. Some fundamental characteristics for
surface accuracy of inflatable elements are studied, appropriate
truss back-up structure is investigated, and the relevant preliminary
test results are described. Some aspects of the application of the
concept to space VLBI antenna are also introduced. Author

AB9-17758#

EXPERIMENTAL AND THEORETICAL ANALYSIS ON THE
EFFECTS OF RESIDUAL STRESSES IN COMPOSITE
STRUCTURES FOR SPACE APPLICATIONS

G. BABINI, D. STELLA (Contraves ltaliana S.p.A., Rome, Italy), M.
MARCHETTI, S. SGUBINI, and S. TiZZI (Roma I, Universita, Rome,
Iltaly) 1AF, International Astronautical Congress, 39th, Bangalore,
India, Oct. 8-15, 1988. 17 p. refs

(IAF PAPER 88-284)

The purpose of this study is the determination of the effects
of the residual stresses arising in the manufacturing of a sandwich
composite structure. A theoretical model, which provides the
deformation field and the manufacturing rms error, is developed.
The model is applied to a sandwich paraboioidic antenna reflector
(core: aluminum alloy; skins: graphite-epoxy laminates) for space
applications and it is verified by comparison with experimental
test results. To this aim a high precision computerized
three-dimensional bench (DEA type) has been employed. Author

A89-17761#

VIBRATION CONTROL OF TRUSS STRUCTURES USING
ACTIVE MEMBERS

MICHIHIRO NATORI (Tokyo, University, Sagamihara, Japan),
SHOICHI MOTOHASHI (Toshiba Corp., Spacecraft Mechanical
Engineering Dept., Kawasaki, Japan), and SOICHI OGURA  IAF,
International Astronautical Congress, 39th, Bangalore, India, Oct.
8-15, 1988. 10 p. refs

(IAF PAPER 88-290)

The vibration control of truss structures has attracted increasing
attention due to their possible use in space applications such as
Space Station structures. Since the members of truss structures
are subjected to axial force, a concept of vibration control by the
use of axial active members is expected to give a new feature on
vibration control of truss structures compared with the conventional



external force control. The various possibilities of stiffness and

damping control are demonstrated through the numerical simulation

of a two-dimensional truss beam and a beam structure model.
Author

AB9-17767#

DYNAMIC SIMULATION OF BIFURCATION IN VIBRATION
MODES FOR A CLASS OF COMPLEX SPACE STRUCTURES
YOSHIAKI OHKAMI, OSAMU OKAMOTO, TAKASHI KIDA, and
ISAO YAMAGUCHI (National Aerospace Laboratory, Chofu,
Japan) |AF, International Astronautical Congress, 39th, Bangalore,
India, Oct. 8-15, 1988. 8 p.

(IAF PAPER 88-317)

Dynamics behavior of Large Space Systems (LSS) may pose
unexpected phenomena due to complex mechanical configurations,
particularly if the system has a closed kinematical loop. Among
such phenomena, bifurcation of vibration modes is investigated in
this paper. Using an idealized spacecraft with four rigid links, it is
demonstrated by computer simulation that bifurcation can take
place at a singular point depending upon the angular velocity
relations of the body and point and depending upon the angular
velocity relations of the body and the links. It is also described in
some detail how the system changes in terms of condition number,
degree of freedom, and mode shapes of vibration at the passage
of this singular point. Author

A89-18046
OPTIMUM DESIGN OF NONLINEAR SPACE TRUSSES
M. P. SAKA (University of Bahrain, Isa Town) (Institution of Civil
Engineers, Institution of Highways and Transportation, British
Computer Society, et al., CIVIL-COMP 87: International Conference
on Civil and Structural Engineering Computing, 3rd, London,
England, Sept. 22-24, 1987) Computers and Structures (ISSN
0045-7948), vol. 30, no. 3, 1988, p. 545-551. refs

A structural optimization algorithm which takes into account
the nonlinear response of a structure beyond the elastic limit is
developed and demonstrated. The derivation is given in detail,
and results for sample problems involving space truss structures
with 9, 24, 42, and 56 bars are presented in extensive tables and
graphs. The algorithm is shown to give accurate results while
requiring significantly greater computation time than methods
without nonlinear analysis. TK.

A89-19716
MODAL TESTING AN IMMENSE FLEXIBLE STRUCTURE
USING NATURAL AND ARTIFICIAL EXCITATION
T. G. CARNE, J. P. LAUFFER, A. J. GOMEZ (Sandia National
Laboratories, Albuquerque, NM), and H. BENJANNET (Shawinigan
Engineering Co., Montreal, Canada) International Journal of
Analytical and Experimentat Modal Analysis (ISSN 0886-9367), vol.
3, Oct. 1988, p. 117-122. refs

Results are presented from a modal test of the 110-m tall
EOLE wind turbine which had four modal frequencies below 1.0
Hz. The structure was excited by step relaxation and wind. It was
possible to extract modal data from measured frequency response
functions using step relaxation in spite of high winds. K.K.

A89-20193*# Carnegie-Mellon Univ., Pitisburgh, PA.
TRANSIENT RESPONSE OF JOINT-DOMINATED SPACE
STRUCTURES - A NEW LINEARIZATION TECHNIQUE

J. H. GRIFFIN, J. BIELAK (Carnegie-Mellon University, Pittsburgh,
PA), and G. A. FOELSCHE (Structures, Structural Dynamics and
Materials Conference, 29th, Williamsburg, VA, Apr. 18-20, 1988,
Technical Papers. Part 3, p. 1423-1432) AIAA Journal (ISSN
0001-1452), vol. 26, Oct. 1988, p. 1278-1 285. Previously cited in
issue 12, p. 1909, Accession no. A88-32325. refs

(Contract NAG1-612)

AB89-20574
STRUCTURAL CONCEPTS FOR FUTURE SPACE SYSTEMS
JAMES H. BRAHNEY Aerospace Engineering (ISSN 0736-2536),
vol. 8, Dec. 1988, p. 10-14.

The NASA Space Station’s baseline configuration, at 125 min
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length and 100 m in width, exemplifies large space structures for
which developments in materials, assembly techniques, and
dynamic stability and control methods must be significantly
advanced. During the early planning stages, it was determined
that a planar truss structure would both meet design requirements
and permit growth and versatility; a 5-m strut length has been
adopted. Attention is presently given to the beam structures, truss
structures, and deployable folding-truss structures that have been
devised and evaluated, as well as to the Mobile Remote Manipulator
System that has been developed for their erection in orbit. O.C.

AB89-20587
TECHNIQUES FOR THE IDENTIFICATION OF DISTRIBUTED
SYSTEMS USING THE FINITE ELEMENT APPROXIMATION
K. Y. LEE (Pennsylvania State University, University Park)  IN:
Control and dynamic systems. Volume 27. Part 3. San Diego, CA,
Academic Press, Inc., 1988, p. 183-215. refs

Two approaches to the parameter identification of distributed
systems is considered. The first is the infinite-dimensional
formulation of the identification problem, while the second is the
finite-dimensional formulation of the identification problem. it is
found that the finite-element method is a very useful tool in solving
the parameter identification problem. K.K.

AB9-20838

A STEREO-TRIANGULATION APPROACH TO SENSING FOR
STRUCTURAL IDENTIFICATION

JOHN L. JUNKINS and GEORGE H. JAMES, Il (Texas A & M
University, College Station) IN: Guidance and control 1988;
Proceedings of the Annual Rocky Mountain Guidance and Control
Conference, Keystone, CO, Jan. 30-Feb. 3, 1988. San Diego, CA,
Univelt, Inc., 1988, p. 155-165. refs

(AAS PAPER 88-015)

A stereo-optical triangulation approach to making a large
number of spatially distributed structural response measurements
is discussed. The close-range photogrammetric triangulation
achieved in-orbit with the 1984 Shuttle mission is described and
means of improving this technique are proposed. Particular
attention is given to the incorporation of unique subsystems for
analog edge detection and video processing algorithms. K.K.

A89-20847" National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.

MOMENTUM MANAGEMENT STRATEGY DURING SPACE
STATION BUILDUP

LYNDA BISHOP (NASA, Johnson Space Center, Houston, TX),
HARVEY MALCHOW, and PHILIP HATTIS (Charles Stark Draper
Laboratory, Inc., Cambridge, MA) IN: Guidance and control 1988,
Proceedings of the Annual Rocky Mountain Guidance and Control
Conference, Keystone, CO, Jan. 30-Feb. 3, 1988. San Diego, CA,
Univelt, Inc., 1988, p. 315-336. refs

(Contract NAS9-17560)

(AAS PAPER 88-042)

The use of momentum storage devices to control effectors for
Space Station attitude control throughout the buildup sequence is
discussed. Particular attention is given to the problem of providing
satisfactory management of momentum storage effectors
throughout buildup while experiencing variable torque loading.
Continuous and discrete control strategies are compared and the
effects of alternative control moment gyro strategies on peak
momentum storage requirements and on commanded maneuver
characteristics are described. K.K.

AB89-22505*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
TRANSMISSION-ZERO BOUNDS FOR LARGE SPACE
STRUCTURES, WITH APPLICATIONS
TREVOR WILLIAMS (NASA, Langley Research Center, Hampton,
VA) Journal of Guidance, Control, and Dynamics (ISSN
0731-5090), vol. 12, Jan.-Feb. 1989, p. 33-38. Research supported
by SERC. refs

Many large space structure contro! problems lead quite naturally
to the application of an optimal regulator, so the transmission
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zeros of the open-loop system give fundamental information about
the speed of response achievable by the closed-loop system.
Despite the importance of this and other weli-known zeros
properties, little attention has been given to the transmission zeros
of large space structures, except for the special case of a rigid
spacecraft with flexible appendages. The object of this paper is
to remedy this deficiency. In particular, it is proved that the zeros
of a structure with colocated sensors and actuators must lie in a
region of the complex plane that is defined by its natural frequencies
and damping ratios. This generic result, a consequence of the
special form of the equations of motion of structural dynamics,
admits a very simple graphical interpretation: it is the generalization
of the classical pole-zero interlacing property of undamped
single-input/single-output structures. The number of sensor/
actuator pairs, and their locations, specify where in the permis-
sible region transmission zeros actually lie, thus quantifying
the effect of sensor/actuator placement on closed-loop system
performance. These points are illustrated by simple exampk;s. o
uthor

AB9-22512#

ROBUSTNESS OPTIMIZATION OF STRUCTURAL AND
CONTROLLER PARAMETERS

KYONG B. LIM (Virginia Polytechnic Institute and State University,
Blacksburg) and JOHN L. JUNKINS (Texas A & M University,
College Station) (Structures, Structural Dynamics and Materials
Conference, 28th, Monterey, CA, Apr. 6-8, 1987, Technical Papers.
Part 1, p. 351-361) Journal of Guidance, Control, and Dynamics
(ISSN 0731-5090), vol. 12, Jan.-Feb. 1989, p. 89-96. Previously
cited in issue 14, p. 2204, Accession no. A87-33591. refs
(Contract F49620-86-K-0014)

A89-23510

(M, N)-APPROXIMATION - A SYSTEM SIMPLIFICATION
METHOD

AJMAL YOUSUFF (Drexel University, Philadelphia, PA), TIMOTHY
E. MCQUADE, and SIVAS S. BANDA (USAF, Wright Aeronautical
Laboratories, Wright-Patterson AFB, OH) International Journal of
Control (ISSN 0020-7179), vol. 48, Nov. 1988, p. 1851-1865.
refs

(Contract F49620-85-C-0013)

Techniques for reducing the complexity of models of large
structural systems are developed analytically. An (M, N)
approximation procedure which reduces a system of N interacting
subsystems to a model comprising only M subsystems while
accounting for all of the original interactions, is derived in detail
and applied to the balancing probiem of a linear-quadratic Gaussian
controlier. Numerical results demonstrating the efficiency of the
method are presented in graphs and discussed. T.K.

AB89-24496
FAILURE DETECTION AND IDENTIFICATION IN THE
CONTROL OF LARGE SPACE STRUCTURES
H. OKUBO, Y. MUROTSU, and F. TERUI (Osaka Prefecture,
University, Sakai, Japan) IN: Automatic control; Proceedings of
the Tenth Triennial World Congress of IFAC, Munich, Federal
Republic of Germany, July 27-31, 1987. Volume 6. Oxford, England
and Eimsford, NY, Pergamon Press, 1988, p. 175-180. refs
Numerical techniques for detecting and isolating faults in
structural control systems are described and demonstrated. The
governing equations for a linear dynamical system are derived,
and a procedure based on the combined use of a decoupled
Kalman bias filter and a generalized-likelihood-ratio method is
outlined. Results from a simulation of tendon control of a large
beam structure (Murotsu et al., 1985) are presented in tables and
graphs and briefly characterized. T.K.

A89-25404"# TRW, Inc., Redondo Beach, CA.

METEOROID AND ORBITAL DEBRIS SHIELDING ON THE
ORBITAL MANEUVERING VEHICLE

MARC E. KIRKPATRICK (TRW, Inc., TRW Space and Technology
Group, Redondo Beach, CA) AIAA, Aerospace Sciences Meeting,
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27th, Reno, NV, Jan. 9-12, 1989. 8 p. refs
(Contract NAS8-36800)
(AlAA PAPER 89-0495)

NASA’s Orbital Maneuvering Vehicle (OMV) is being designed
to withstand a 10-year lifetime in polar and low earth orbits. A
large percentage of OMV’s lifetime will be spent operating in the
vicinity of the Space Shuttle and Space Station or in storage at
these manned locations. An extensive analysis has been performed
to determine the effects of the meteoroid and orbital debris
environments on OMV’s external fuel tanks. A finite element model
of OMV was constructed using NASTRAN and analyzed with the
meteoroid and debris design analysis code BUMPER. The results
show that the long design lifetime, and the ever increasing
man-made orbital debris environment, will require the use of
shielding over the external fuel tanks. Author

AB9-25434#

ADAPTIVE IDENTIFICATION AND MODEL TRACKING BY A
FLEXIBLE SPACECRAFT

J. M. SKOWRONSKI (Southern California, University, Los Angeles,
CA; Queensland, University, Brisbane, Australia) AIAA, Aerospace
Sciences Meeting, 27th, Reno, NV, Jan. 9-12, 1989, 7 p. refs
(AIAA PAPER 89-0541)

A rigid-flexible spacecraft structure subject to bounded
uncertainty in structural parameters and payload, with large
articulation angles, is modeled by a hybrid multidimensional system
with high (untruncated) geometric nonlinearity and Coriolis forces.
It is to be controlled adaptively to track a rigid body reference
model with desired dynamics. To this aim, the system is replaced
by a nonlinear adaptive, state and parameter identifier with
considerably reduced number of DOF and made exactly integrable,
i.e. with solutions in closed form. The technique allows for the
tracking to occur with stipulated precision obtained in stipulated
real time. The reduced dynamics and the exact integrability of the
identifier and the adaptive laws make on-line computation of the
algorithms simple enough to be made sufficiently fast on a small
on-board computer. Author

AB9-25437#
MODAL IDENTITIES FOR MULTIBODY ELASTIC
SPACECRAFT - AN AID TO SELECTING MODES FOR
SIMULATION
HAR! B. HABLANI (Rockwell international Corp., Seal Beach, CA)
AIAA, Aerospace Sciences Meeting, 27th, Reno, NV, Jan. 9-12,
1989. 14 p. refs
(AIAA PAPER 89-0544)

This paper answers the question: which set of modes furnishes
a higher fidelity math model of dynamics of a multibody, deformable
spacecraft - the hinges-free or hinges-locked vehicle modes? Two
sets of general, discretized, linear equations of motion of a
spacecraft with an arbitrary number of deformable appendages,
each articulated directly to the core body, are obtained using the
above two families of modes. By comparing these equations, ten
sets of modal identities are constructed which involve modal
momenta coefficients and frequencies associated with both classes
of modes. By applying the above identities to a four-body
spacecraft, the hinges-locked vehicle modes are found to yield a
higher fidelity model than hinges-free modes, because the lafter
modes have nonconverging modal coefficients. Author

AB9-25613"# Florida Univ., Gainesville.

GLOBAL SENSITIVITY ANALYSIS IN CONTROL-AUGMENTED
STRUCTURAL SYNTHESIS

CHRISTINA L. BLOEBAUM (Florida, University, Gainesville) AIAA,
Aerospace Sciences Meeting, 27th, Reno, NV, Jan. 9-12, 1989,
11 p. refs

(Contract NAG1-688)

(AIAA PAPER 89-0844)

In this paper, an integrated approach to structural/control design
is proposed in which variables in both the passive (structural) and
active (control) disciplines of an optimization process are changed
simultaneously. The global sensitivity equation (GSE) method of
Sobieszczanski-Sobieski (1988) is used to obtain the behavior



sensitivity derivatives necessary for the linear approximations used
in the parallel multidisciplinary synthesis problem. The GSE allows
for the decoupling of large systems into smaller subsystems and
thus makes it possible to determine the local sensitivities of each
subsystem’s outputs to its inputs and parameters. The advantages
in using the GSE method are demonstrated using a finite-element
representation of a truss structure equipped with active lateral
displacement controllers, which is undergoing forced vibration.

1.S.

A89-26192
ANALYTIC METHODS FOR THE MODELING OF FLEXIBLE
STRUCTURES
J. M. SCHUMACHER (Stichting Mathematisch Centrum, Centrum
voor Wiskunde en Informatica, Amsterdam, Netherlands) IN:
Analysis and optimization of systems; Proceedings of the Eighth
international Conference, Juan-les-Pins, France, June 8-10, 1988.
Berlin and New York, Springer-Verlag, 1988, p. 461-471. refs
The modeling of structures built up by interconnecting a
moderate number of distributed elements, each of which can be
described by the classical equations of mathematical physics, is
discussed. Techniques for operations on analytic matrices are
considered which may be applied to obtain methods for specific
computational goals. Three such methods for the computation of
natural frequencies are examined. C.D.

A89-26292
NDT OF COMPOSITE STRUCTURES USED IN SPACE
APPLICATIONS
THOMAS C. KOSHY (ISRO, Vikram Sarabhai Space Centre,
Trivandrum, India) IN: Composite materials and structures;
Proceedings of the International Conference, Madras, India, Jan.
6-9, 1988. New Delhi, Tata McGraw-Hill Publishing Co., Ltd., 1988,
p. 417-423. refs

The nondestructive testing of composite structures used in
space applications is discussed. Particular attention is given 1o
visual testing, liquid penetrants, radiography, high-frequency
ultrasonics, low-frequency ultrasonics, the Fokker bond tester, IR
thermography, beta radiations, holography, and acoustic emission.
It is found that, in some cases, it is necessary to use a combination
of NDT techniques to successfully evaluate a composite
structure. K.K.

AB9-27175#

STRUCTURAL RELIABILITY IN AEROSPACE DESIGN

A. V. PATKI (ISRO, Satellite Centre, Bangalore, India) ESA Journal
(ISSN 0379-2285), vol. 12, no. 3, 1988, p. 397-400.

The concept of a reliability figure is widely used in aerospace
design. Though very common and well developed for electronics
systems and components, it is not used directly for structural
systems. This note attempts to show how reliability estimates can
be incorporated in present aerospace design practice. A typical
simple case is worked out to show the implicit reliability figures
using these margins. Author

AB9-27698%#

LOCALIZATION OF VIBRATIONS IN LARGE SPACE
REFLECTORS

ODDVAR O. BENDIKSEN (Princeton University, NJ) and PHILLIP
J. CORNWELL  (Structures, Structural Dynamics and Materiais
Conference, 28th, Monterey, CA, Apr. 6-8, 1987 and AIAA Dynamics
Specialists Conference, Monterey, CA, Apr. 9, 10, 1987, Technical
Papers. Part 2B, p. 925-935) AIAA Journal (ISSN 0001-1452), vol.
27, Feb. 1989, p. 219-226. Previously cited in issue 14, p. 2117,
Accession no. A87-33745. refs

A89-27699#

STRONG MODE LOCALIZATION IN NEARLY PERIODIC
DISORDERED STRUCTURES

CHRISTOPHE PIERRE (Michigan, University, Ann Arbor) and
PHILIP D. CHA  AIAA Journal (ISSN 0001-1452), vol. 27, Feb.
1989, p. 227-241. Research supported by the University of

03 STRUCTURAL CONCEPTS

Michigan. refs
{Contract NSF MSM-87-00820)

An investigation of the effects of disorder on the dynamics of
nearly periodic structures is presented. Emphasis is placed on the
study of mode localization and vibration-confinement phenomena
for mistuned assemblies of coupled, multi-degree-of-freedom
component systems. Perturbation methods are developed and
applied to predict the occurrence of localized modes and analyze
their characteristics. Strong localization is shown to occur for weak
coupling between component systems. Furthermore, a 'modal’
coupling parameter is defined that governs the possibility for
localization in a given mode. Generally speaking, higher modes
are shown to be more susceptible to localization than lower ones,
and localization is unavoidable if the mode number is large enough.
The occurrence of localization is also shown to be dependent
upon the location of the coupling constraint between the component
systems. Author

A89-28481
STRUCTURAL AND CONTROL OPTIMIZATION OF SPACE
STRUCTURES
RAMANA V. GRANDHI (Wright State University, Dayton, OH)
Computers and Structures (ISSN 0045-7949), vol. 31, no. 2, 1989,
p. 139-150. Research supported by USAF. refs

A simultaneous structural and control optimization of flexible
structures is presented in this paper. Behavior constraints are
imposed on the closed-loop eigenvalue distribution and the damping
parameters. Optimum results are obtained with three ditferent
optimization algorithms, and the nonunique nature of the optimum
solutions is discussed. Also, the minimization of the Frobenious
norm is investigated. A two-bar truss and an ACOSS four structure
were designed and numericai comparisons are presented. The
qualitative aspects of the optimum solutions are discussed with
the transient response and control effort simulations. Author

A89-28500
ANALYSIS AND SIMULATION OF A CONTROLLED RIGID
SPACECRAFT - STABILITY AND INSTABILITY NEAR
ATTRACTORS
CHRISTOPHER |. BYRNES (Arizona State University, Tempe),
SALVATORE MONACO (L’'Aquila, Universita, Italy), ALBERTO
ISIDORI (Roma |, Universita, Italy), and STORNELLI SABATINO
(ESA, European Space Research and Technology Centre,
Noordwijk, Netherlands) IN: IEEE Conference on Decision and
Control, 27th, Austin, TX, Dec. 7-9, 1988, Proceedings. Volume 1.
New York, Institute of Electrical and Electronics Engineers, Inc.,
1988, p. 81-85. Research supported by USAF, NSF, MPI, and
Telespazio S.p.A. refs

The authors give an analysis and simulation of the asymptotic
properties of various closed-loop trajectories of the rigid-body model
of a controlled spacecraft. Recent resuits are described which
show that the rigid body for a spacecraft controlled by two
independent pairs of gas jets is locally controllable but not locally
asymptotically stabilizable about reference attitudes. The authors
analyze, in the context of feedback stabilization about an attractor,
the asymptotic properties of closed-loop trajectories when a
feedback law driving the motion to a revolute cycle about a principal
axis is implemented. Simulations support such convergence but
indicate that convergence is quite slow, due to the fact that this
cycle lies, as it must, on an invariant center manifold for this
system. In particular, while the design is based on a nonlinear
enhancement of root-locus theory, such attractors have no linear
analogue. I.E.

A89-28634
REST-TO-REST SLEWING OF FLEXIBLE STRUCTURES IN
MINIMUM TIME
ENRIQUE BARBIERI (Tulane University, New Orleans, LA} and
UMIT OZGUNER (Chio State University, Columbus) IN: IEEE
Conference on Decision and Controf, 27th, Austin, TX, Dec. 7-9,
1988, Proceedings. Volume 2. New York, Institute of Electrical
and Electronics Engineers, Inc., 1988, p. 1633-1638. refs

The rest-to-rest slewing of flexible structures in minimum time
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is considered via phase-plane techniques. The trajectories are
shown to exhibit a mirror-image symmetry in the phase plane.
The advantage of this approach is that the switching control law
can be expressed in terms of the rigid body states only, thereby
resulting in a closed-loop strategy. Simulations are included for a
one-bending model of a flexible slewing structure. LE.

A89-28638
ROBUSTNESS OF FLEXIBLE STRUCTURES AGAINST SMALL
TIME DELAYS
J. BONTSEMA and S. A. DE VRIES (Groningen, Rijksuniversiteit,
Netherlands) IN: IEEE Conference on Decision and Control,
27th, Austin, TX, Dec. 7-9, 1988, Proceedings. Volume 2. New
York, Institute of Electrical and Electronics Engineers, Inc., 1988,
p. 1647, 1648. Research supported by the Stichting voor de
Technische Wetenschappen. refs

The authors give transfer matrices for some models described
by partial differential equations. From these transfer matrices the
poles and zeros are easily derived. The effect of a small time
delay in the feedback loop is considered, and it is shown that if
the feedthrough in the loop is too strong, this will give instability.
The transfer matrices have the advantage that the amount of
teedthrough is easily checked. I.E.

A89-28640

IDENTIFICATION OF FLEXIBLE STRUCTURES USING AN
ADAPTIVE ORDER-RECURSIVE METHOD

FARYAR JABBARI (California, University, Irvine) and J. S. GIBSON
(California, University, Los Angeles) IN: IEEE Conference on
Decision and Control, 27th, Austin, TX, Dec. 7-9, 1988, Proceedings.
Volume 2. New York, Institute of Electrical and Electronics
Engineers, Inc., 1988, p. 1668-1673. refs

(Contract AF-AFOSR-87-0373)

The authors present adaptive parameter identification results
for a complex flexible structure with many cliosely packed natural
frequencies. Least-squares lattice filters are used to estimate the
number of excited modes, natural frequencies and damping ratios
from input/output data. One-step-ahead output prediction also is
generated by the lattice filters. I.E.

A89-28641" Brown Univ., Providence, RLI.

SPATIAL VERSUS TIME HYSTERESIS IN DAMPING
MECHANISMS

H. T. BANKS, R. H. FABIANG, Y. WANG (Brown University,
Providence, Rl), D. J. INMAN, and H. CUDNEY, JR. (New York,
State University, Buffalo) IN: IEEE Conference on Decision and
Control, 27th, Austin, TX, Dec. 7-9, 1988, Proceedings. Volume 2.
New York, Institute of Electrical and Electronics Engineers, Inc.,
1088, p. 1674-1677. refs

{Contract NAG1-517; NGT-33-183-802; AF-AFOSR-84-0398;
AF-AFOSR-85-0220; AF-AFOSR-85-0119; NSF MSM-83-51807;
F49620-86-C-0111)

A description is given of continuing investigations on the task
of estimating internal damping mechanisms in flexible structures.
Specifically, two models for internal damping in Euler-Bernoulli
beams are considered: spatial hysteresis and time hysteresis. A
theoretically sound computational algorithm for estimation is
described, and experimental results are discussed. It is concluded
that both models perform well in the sense that they accurately
predict response for the experiments conducted. I.E.

A89-28650

LINEARIZED MODELS FOR THE CONTROL OF ROTATING
BEAMS

J. BAILLIEUL (Boston University, MA)} IN: IEEE Conference on
Decision and Control, 27th, Austin, TX, Dec. 7-9, 1988, Proceedings.
Volume 3. New York, Institute of Electrical and Electronics
Engineers, Inc., 1988, p. 1726-1731. refs

(Contract AF-AFOSR-85-0144)

A geometrically exact dynamical mods! for the rotation of a
planar rigid body with an elastic beam attachment is presented.
This model is essentially nonlinear and involves a partial
ditferential-integral equation. Consistent finite-dimensional ap-
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proximations of the model are obtained in terms of the dynamics
of carefully chosen kinematic chains in which the 1-DOF rotary
joint motions are governed by idealized torsional springs. For
purposes of local analysis or to support implementation of rotational
control, the chain models can be linearized about equilibrium
rotations. In the case of one particular body-beam system, it is
shown that the linearized chain models provide consistent
approximations to fourth-order partial differential equations. The
form of these equations is crucially dependent on the underlying
equilibrium rotation. I.E.

A89-28651
NONLINEAR DYNAMICS OF FLEXIBLE STRUCTURES -
GEOMETRICALLY EXACT FORMULATION AND STABILITY
J. C. SIMO and T. A. POSBERGH (Stanford University, CA)  IN:
IEEE Conference on Decision and Control, 27th, Austin, TX, Dec.
7-9, 1988, Proceedings. Volume 3. New York, Institute of Electrical
and Electronics Engineers, Inc., 1988, p. 1732-1737. Research
supported by USAF. refs

The stability of flexible structures coupled with rigid bodies
performing large overall motions is investigated. The analysis is
based on geometrically exact models which have no restriction
on the degree of flexibility and satisty of all invariance requirements
under superposed rigid body motions. For these models there is
a natural decomposition which decouples the dynamics into a
space of rigid-body motions and its complement. The stability of
relative equilibria are then explored by a method referred to as
the energy-momentum method, which incorporates the conserved
quantities of the system. By exploiting these invariants along with
the underlying structure, stability criteria for the relative equilibria
can be found. I.E.

A89-29200+#

MOTION AND DEFORMATION OF VERY LARGE SPACE
STRUCTURES

RAMESH B. MALLA (Connecticut, University, Storrs), WILLIAM A.
NASH, and THOMAS J. LARDNER (Massachusetts, University,
Amherst)  AIAA Journal {ISSN 0001-1452), vol. 27, March 1989,
p. 374-376.

{Contract AF-AFOSR-83-0025)

The equations of motion for a very large axially flexible structure
orbiting the earth with planar motion in a general noncircular orbit
are developed. The equations are used to study the effects of
the orbit eccentricity on the motion and deformation of a large
space structure under the action of the earth’s gravitational forces.
Itis shown that an increase in orbit eccentricity disturbs the attitude
motion of the space structure. Aithoagh the orbit eccentricity
produces only small magnitude structural deformation, it is found
that, for highly eccentric orbits, the structure may tumble
continuously. R.B.

AB89-30653"#
Pasadena.
MULTIPLE BOUNDARY CONDITION TESTING ERROR
ANALYSIS

R. J. GLASER, C. P. KUO, and B. K. WADA (California Institute
of Technology, Jet Propulsion Laboratory, Pasadena) IN: AIAA,
ASME, ASCE, AHS, and ASC, Structures, Structural Dynamics and
Materials Conference, 30th, Mobile, AL, Apr. 3-5, 1989, Technical
Papers. Part 1. Washington, DC, American Institute of Aeronautics
and Astronautics, 1989, p. 12-20. refs

(AIAA PAPER 89-1162)

Techniques for interpreting data from multiple-boundary-
condition (MBC) ground tests of large space structures are
developed analytically and demonstrated. The use of MBC test-
ing to validate structures too large to stand alone on
the ground is explained; the generalized least-squares mass and
stiffness curve-fitting methods typically applied to MBC test data
are reviewed, and a detailed error analysis is performed.
Consideration is given to sensitivity coefficients, covariance-matrix
theory, the correspondence between test and analysis modes,
constraints and step sizes, convergence criteria, and factor-analysis
theory. Numerical results for a simple beam problem are presented

Jet Propulsion Lab., California Inst. of Tech.,



in tables and briefly characterized. The improved error-updating
capabilities of MBC testing are confirmed, and it is concluded that
reasonably accurate results can be obtained using a diagonal
covariance matrix. T.K.

AB89-30661#

AN EXPERIMENTAL AND ANALYTICAL SYNTHESIS OF
CONTROLLED STRUCTURE DESIGN

LEE D. PETERSON, JAMES J. ALLEN, JAMES P. LAUFFER, and
A. KEITH MILLER (Sandia National Laboratories, Albuquerque,
NM) IN: AIAA, ASME, ASCE, AHS, and ASC, Structures, Structural
Dynamics and Materials Conference, 30th, Mobile, AL, Apr. 3-5,
1989, Technical Papers. Part 1. Washington, DC, American Institute
of Aeronautics and Astronautics, 1989, p. 91-103. refs

{Contract DE-AC04-76DP-00789)

(AIAA PAPER 89-1170)

Recent research into the design and implementation of large
controlled structures at Sandia National Laboratories is reviewed
and illustrated with extensive drawings, diagrams, graphs, and
photographs. The focus is on efforts to design a dynamic controller
to maintain the shape and pointing accuracy of the Gamma Truss
Structure test bed, a lightly damped polycarbonate-tube structure
equipped with four sensors and four (noncollocated) actuators.
Consideration is given to the development of the dynamic model,
the derivation of the control theory, and synthesis algorithms for
a suboptimal LQG controller based on a reduced-order model
and an optimal-projection {(OP) controller based on a 58th-order
"truth’ model. The OP controller is found to give consistently better
vibration control than the LQG controller, achieving 65-percent
reduction without saturating the actuators. T.K.

A89-30671+#

FORCED VIBRATIONS IN LARGE SPACE REFLECTORS WITH
LOCALIZED MODES

ODDVAR O. BENDIKSEN (Princeton University, NJ) and PHILLIP
J. CORNWELL IN: AIAA, ASME, ASCE, AHS, and ASC, Structures,
Structural Dynamics and Materials Conference, 30th, Mobile, AL,
Apr. 3-5, 1989, Technical Papers. Part 1. Washington, DC, American
Institute of Aeronautics and Astronautics, 1989, p. 188-198. refs
(AIAA PAPER 89-1180)

The forced vibrational response of a large space reflector
structure to (1) impulsive in-plane loading of one substructure or
(2) out-of-plane displacement of a rigid member is investigated
analytically, considering perfect and imperfect reflectors with 18
radial ribs and subject to both localized and extended modes.
The approach of Cornwell and Bendiksen (1987) is extended to
multi-DOF substructures. Numerical results are presented in
extensive graphs and discussed in detail. in case (1), it is
demonstrated that the disturbance does not propagate throughout
the structure if the first mode group (primarily the first bending
mode) is localized. In case (2), the motion of the ribs in an imperfect
structure is found to have variable amplitude. T.K.

A89-30684*# CSA Engineering, Inc., Palo Alto, CA.

VERY LOW FREQUENCY SUSPENSION SYSTEMS FOR
DYNAMIC TESTING

DAVID A. KIENHOLZ (CSA Engineering, Inc., Palo Alto, CA),
EDWARD F. CRAWLEY (MIT, Cambridge, MA), and T. JEFFREY
HARVEY (AEC-Able Engineering, Inc., Goleta, CA)  IN: AlAA,
ASME, ASCE, AHS, and ASC, Structures, Structural Dynamics and
Materials Conference, 30th, Mobile, AL, Apr. 3-5, 1989, Technical
Papers. Part 1. Washington, DC, American Institute of Aeronautics
and Astronautics, 1989, p. 327-336. Research supported by NASA
and Lockheed Missiles and Space Co., Inc.

(AIAA PAPER 89-1194)

Specifications for a Space Station suspension system which
can provide rigid-body translation frequencies on the order of
0.1-0.2 Hz for a 50-foot payload weighing about 3400 Ib and having
a number of highly flexible appendages are discussed. Two
suspension devices are considered, an all-mechanical passive
device based on coil springs and a device using a combination of
a passive pneumatic system and an active electromagnetic system.
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Test results show that both devices meet the initial requirements.
R.R.

AB89-30691#

NONLINEAR FINITE ELEMENT SIMULATION OF THE LARGE
ANGLE MOTION OF FLEXIBLE BODIES

LEE D. PETERSON (Sandia National Laboratories, Albuguerque,
NM) IN: AIAA, ASME, ASCE, AHS, and ASC, Structures, Structural
Dynamics and Materials Conference, 30th, Mobile, AL, Apr. 3-5,
1989, Technical Papers. Part 1. Washington, DC, American Institute
of Aeronautics and Astronautics, 1989, p. 396-404. refs
(Contract DE-AC04-76DP-00789)

(AIAA PAPER 89-1201)

A nonlinear large-strain-displacement structural finite element
program is used to simulate the large-angle motions of flexible
bodies. Results are presented for three examples: (1) a large-angle
maneuver of a cantilevered flexible robot arm; (2) the nutation of
a rotating free-free beam observed from a rotating frame; and (3)
the spin-up of a cantilevered beam from rest. The spin-up problem
is used to test for the false divergence of the beam above a
critical spin rate. R.R.

AB9-30692+#

NON-LINEAR STRAIN-DISPLACEMENT RELATIONS AND
FLEXIBLE MULTIBODY DYNAMICS

A. H. VON FLOTOW (MIT, Cambridge, MA) and C. E. PADILLA
IN: AIAA, ASME, ASCE, AHS, and ASC, Structures, Structural
Dynamics and Materials Conference, 30th, Mobile, AL, Apr. 3-5,
1989, Technical Papers. Part 1. Washington, DC, American Institute
of Aeronautics and Astronautics, 1989, p. 405-413. refs

(AIAA PAPER 89-1202)

The dynamics of chains of flexible bodies undergoing large
rigid body motions and small elastic deflections is investigated,
with emphasis on the role of nonfinear strain-displacement relations
in the development of the motion equations for the defiections of
these systems. Numerical results are presented for a two-link chain
constrained to move in the plane and subject to hinge torques.
Slew maneuver simulations have been performed for models with
and without properly modeled kinetics of deformation. R.R.

A89-30701+#

THE FRACTIONAL ORDER STATE EQUATIONS FOR THE
CONTROL OF VISCOELASTICALLY DAMPED STRUCTURES
R. L. BAGLEY and R. A. CALICO (USAF, Institute of Technology,
Wright-Patterson AFB, OH)  IN: AIAA, ASME, ASCE, AHS, and
ASC, Structures, Structural Dynamics and Materials Conference,
30th, Mobile, AL, Apr. 3-5, 1989, Technical Papers. Part 1.
Washington, DC, American Institute of Aeronautics and
Astronautics, 1989, p. 487-496. refs

(AIAA PAPER 89-1213)

The fractional order state equations are developed to predict
the effects of feedback intended to reduce motion in damped
structures. The mechanical properties of damping materials are
modeled using fractional order time derivatives of stress and strain.
These models accurately describe the broad-band effects of
material damping in the structure's equations of motion. The
resulting structural equations of motion are used to derive the
fractional order state equations. Substantial differences between
the structural and state equations are seen to exist. The
mathematical form of the state equations suggests the feedback
of fractional order time derivatives of structural displacements to
improve control system performance. Several other advantages of
the fractional order state formulation are discussed. Author

A89-30724#

MASS CONSERVATION IN THE IDENTIFICATION OF SPACE
STRUCTURES

MENAHEM BARUCH (Virginia Polytechnic Institute and State
University, Blacksburg) and YORAM ZEMEL  IN: AIAA, ASME,
ASCE, AHS, and ASC, Structures, Structural Dynamics and
Materials Conference, 30th, Mobile, AL, Apr. 3-5, 1989, Technical
Papers. Part 2. Washington, DC, American Institute of Aeronautics
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and Astronautics, 1989, p. 710-712. refs
(AIAA PAPER 89-1239)

In the identification process of space structures it is extremely
important to keep the rigid body characteristics of the structure
uncorrupted. The Methods of Reference Basis (MRB) achieve this
by using a Law of Mass Conservation. In line with the law a
proper definition for isolation of the measured elastic modes from
rigid body movements is also introduced. Author

AB9-30725#

LOCATION OF MODELING ERRORS USING MODAL TEST
DATA

CHENG S. LIN (Aerospace Corp., El Segundo, CA) IN: AlAA,
ASME, ASCE, AHS, and ASC, Structures, Structural Dynamics and
Materials Conference, 30th, Mobile, AL, Apr. 3-5, 1989, Technical
Papers. Part 2. Washington, DC, American Institute of Aeronautics
and Astronautics, 1989, p. 713-720. refs

(AIAA PAPER 89-1240)

A unity check method is proposed to locate the physical
positions of modeling errors in stiffness using modal test data.
The method uses the cross unity check between a flexibility matrix
derived from modal test data and the analytical stiffness matrix to
locate the errors; it cannot determine the changes needed to
correct the errors. Effectiveness of the method is demonstrated
through numerical examples both with stiffness matrix unreduced
and stiffness reduced by Guyan reduction. Sensitivity of the method
to lack of orthogonality in measured modes is discussed. Note
that the flexibility matrix can also be derived from static test data
instead of modal test data. Author

AB9-30726"#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.

ON THE STATE ESTIMATION OF STRUCTURES WITH
SECOND ORDER OBSERVERS

W. KEITH BELVIN (NASA, Langley Research Center, Hampton,
VA) and K. C. PARK (Colorado, University, Boulder) IN: AIAA,
ASME, ASCE, AHS, and ASC, Structures, Structural Dynamics and
Materials Conference, 30th, Mobile, AL, Apr. 3-5, 1989, Technical
Papers. Part 2. Washington, DC, American Institute of Aeronautics
and Astronautics, 1989, p. 721-727. refs

(Contract F49620-87-C-0074)

(AIAA PAPER 89-1241)

The use of the linear quadratic regulator control synthesis
techniques implies the availability of full state feedback. For
vibration control of structures, usually only a limited number of
states are measured from which an observer model reconstructs
the full state. This paper shows that using second-order observers
is a viable technique for reconstructing the unmeasured states of
structures under mildly restrictive conditions. Moreover, the
computational advantages of the second-order observer, as
compared to a first-order observer, indicate that significantly larger
observer models may be utilized. Numerical examples are used to
demonstrate the performance of second-order observers. The
implications of second-order observers in the development of the
control/structures interaction technology is discussed. Author

AB89-30727#

AUTOMATING THE IDENTIFICATION OF STRUCTURAL
MODEL PARAMETERS

JAMES J. ALLEN and DAVID R. MARTINEZ (Sandia National
Laboratories, Albuquerque, NM)  IN: AIAA, ASME, ASCE, AHS,
and ASC, Structures, Structural Dynamics and Materials
Conference, 30th, Mobile, AL, Apr. 3-5, 1989, Technical Papers.
Part 2. Washington, DC, American Institute of Aeronautics and
Astronautics, 1989, p. 728-736. refs

(Contract DE-AC04-76DP-00789)

(AIAA PAPER 83-1242)

An implementation of a tool for the system identification of
large structural model based on the integration of commercial
software packages is presented. The method integrates commercial
software for finite element modeling (MSC/NASTRAN),
mathematical programming techniques (ADS), and general linear
system analysis (PRO-MATLAB). The use of the automated
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parameter identification software is illustrated for the following two
applications: estimation of the material constants and support
stiffness of a truss structure and estimation of the stiffness and
mass properties of an electronics package. V.L

AB9-30737*#  National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, OH.
FREE-VIBRATION CHARACTERISTICS AND CORRELATION
OF A SPACE STATION SPLIT-BLANKET SOLAR ARRAY
KELLY S. CARNEY and FRANCIS J. SHAKER (NASA, Lewis
Research Center, Cleveland, OH) IN: AIAA, ASME, ASCE, AHS,
and ASC, Structures, Structural Dynamics and Materials
Conference, 30th, Mobile, AL, Apr. 3-5, 1989, Technical Papers.
Part 2. Washington, DC, American Institute of Aeronautics and
Astronautics, 1989, p. 813-819. Previously announced in STAR as
NB89-15438. refs
(AIAA PAPER 89-1252)

Two methods for studying the free-vibration characteristics of
a large split-blanket solar array in a zero-g cantilevered
configuration are presented. The zero-g configuration corresponds
to an on-orbit configuration of the Space Station solar array. The
first method applies the equations of continuum mechanics to
determine the natural frequencies of the array; the second uses
the finite element method program, MSC/NASTRAN. The stiffness
matrix from the NASTRAN solution was found to be erroneously
grounded. The results from the two methods are compared. It is
concluded that the grounding does not seriously compromise the
solution to the elastic modes of the solar array. However, the
correct rigid body modes need to be icluded to obtain the correct
dynamic model. Author

A89-30743#

EXACT STATIC AND DYNAMIC STIFFNESS MATRICES FOR
GENERAL VARIABLE CROSS SECTION MEMBERS

MOSHE EISENBERGER (Carnegie-Melion University, Pittsburgh,
PA) IN: AIAA, ASME, ASCE, AHS, and ASC, Structures, Structural
Dynamics and Materials Conference, 30th, Mobite, AL, Apr. 3-5,
1988, Technical Papers. Part 2. Washington, DC, American Institute
of Aeronautics and Astronautics, 1989, p. 852-858. refs

(AIAA PAPER 89-1258)

This paper concerns the formulation of a new finite element
method for the solution of beams with variable cross section.
Using only one element it is possible to derive the exact static
and dynamic stiffness matrices (up to the accuracy of the
computer), for any polynomial variation of axial, torsional, and
bending stiffnesses along the beam. Examples are given for the
accuracy and efficiency of the method. Author

AB9-30763"# Lockheed Engineering and Sciences Co., Houston,
TX.

DYNAMIC ANALYSIS OF THE SPACE STATION TRUSS
STRUCTURE BASED ON A CONTINUUM REPRESENTATION
SEGUN THOMAS (Lockheed Engineering and Sciences, Houston,
TX) and NORRIS STUBBS (Texas A & M University, College
Station)  IN: AIAA, ASME, ASCE, AHS, and ASC, Structures,
Structural Dynamics and Materials Conference, 30th, Mobile, AL,
Apr. 3-5, 1989, Technical Papers. Part 2. Washington, DC, American
Institute of Aeronautics and Astronautics, 1989, p. 1062-1068.
refs

(Contract NAS9-17900)

(AIAA PAPER 89-1280)

A mathematical model is developed for the real-time simulation
of a Space Station. First, a continuum equivalent representation
of the Space Station truss structure is presented which accounts
for extensional, transverse, and shear deformations and coupling
between them. The procedure achieves a significant reduction in
the degrees of freedom of the system. Dynamic equations are
then formulated for the continuum equivalent of the Space Station
truss structure based on the matrix version of Kane's dynamical
equations. Finally, constraint equations are derived for the dynamic
analysis of flexible bodies with closed loop configuration. V.L.



AB9-30770#

VIBRATION CHARACTERISTICS AND SHAPE CONTROL OF
ADAPTIVE PLANAR TRUSS STRUCTURES

FUMIHIRO KUWAO, MAKOTO YOSHIHARA, SHOICHI
MOTOHASHI, KENICHI TAKAHARA (Toshiba Corp., Kawasaki,
Japan), and MICHIHIRO NATORI (Tokyo, University, Sagamihara,
Japan)  IN: AIAA, ASME, ASCE, AHS, and ASC, Structures,
Structural Dynamics and Materials Conference, 30th, Mobile, AL,
Apr. 3-5, 1989, Technical Papers. Part 3. Washington, DG, American
Institute of Aeronautics and Astronautics, 1989, p. 1136-1144.
refs

(AIAA PAPER 89-1288)

The vibration characteristics of a planar truss structure are
evaluated by conducting a modal survey of the function model
and analyzing the mathematical model. The effectiveness of shape
control for the compensation of the deformation due to the gravity
force is demonstrated. The implications of the results for the
adaptive planar truss structures of large space antennas are briefly
discussed. V.L

A89-30772"#
Pasadena.
SYSTEM IDENTIFICATION TEST USING ACTIVE MEMBERS
JAY-CHUNG CHEN and JAMES L. FANSON (California Institute
of Technology, Jet Propulsion Laboratory, Pasadena) IN: AlAA,
ASME, ASCE, AHS, and ASC, Structures, Structural Dynamics and
Materials Conference, 30th, Mobile, AL, Apr. 3-5, 1989, Technical
Papers. Part 3. Washington, DC, American Institute of Aeronautics
and Astronautics, 1989, p. 1154-1163. refs

(AIAA PAPER 89-1290)

A modal test using active members as the excitation source
has been performed on the Precision Truss. Using the step sine
testing technique, the frequency response functions are obtained
and the modal parameters are extracted by the curve-fitting method.
Total of 10 global modes and 3 local modes are obtained. The
results are compared with those obtained by the conventional
external excitation test. Author

Jet Propulsion Lab., California Inst. of Tech,

A89-30787+#

DYNAMICS OF COMPLEX TRUSS-TYPE SPACE STRUCTURES
Y. YONG and Y. K. LIN (Florida Atlantic University, Boca Raton)
IN: AIAA, ASME, ASCE, AHS, and ASC, Structures, Structural
Dynamics and Materials Conference, 30th, Mobile, AL, Apr. 3-5,
1989, Technical Papers. Part 3. Washington, DC, American Institute
of Aeronautics and Astronautics, 1989, p. 1295-1304. refs
(Gontract AF-AFOSR-88-005)

(AIAA PAPER 89-1307)

A mathematical procedure developed for the analysis of damped
periodic and piecewise periodic structures is extended to more
complicated configurations of intersecting arrays. The proposed
procedure is a hybrid of finite element, transfer matrix, and wave
propagation approaches, with a finite element formulation used to
model a periodic truss unit or each type of periodic truss unit in
the structure so that the dynamic characteristics of such a unit
can be represented as accurately as desired, regardless of its
complexity. Traditional transfer matrices for state vectors are
transformed to transfer matrices for wave vectors, so that various
waves propagating along the structure in different directions can
be identified and certain numerical difficulties can be circumvented.
An example is given to illustrate the application of the method.

V.L

A89-30792+#

INTEGRATED DIRECT OPTIMIZATION OF
STRUCTURE/REGULATOR/OBSERVER FOR LARGE
FLEXIBLE SPACECRAFT

JUNJIRO ONODA and NAOYUKI WATANABE (Tokyo, University,
Sagamihara, Japan) IN: AIAA, ASME, ASCE, AHS, and ASC,
Structures, Structural Dynamics and Materials Conference, 30th,
Mobile, AL, Apr. 3-5, 1989, Technical Papers. Part 3. Washington,
DC, American Institute of Aeronautics and Astronautics, 1989, p.
1336-1344. refs

(AIAA PAPER 89-1313)
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An numerical direct approach to design an optimal controller
composed of regulator and observer has been proposed for
integrated structure/controller optimization of flexible spacecraft.
The approach takes account of uncontrolied residual modes.
Therefore, it does not only optimize based on an actual
performance index degraded by the residual modes but also
suppresses the spillover instability. The approach has been applied
to a simply supported beam exampies first, and the characteristics
of the resulting system have been investigated. The examples
have demonstrated that the resulting controller is stable even when
LQG controller is unstable. Insensitivity of the resulting system to
parameter variations is also demonstrated compared with LQG
controller. Subsequently, the approach has been incorporated in
a structure/controller simultaneous optimization scheme. The
practicality and effectiveness of the present scheme has been
demonstrated in a beam-like flexible spacecraft example. Author

AB89-30804"#
Pasadena.
EXPERIMENTAL STUDIES OF ADAPTIVE STRUCTURES FOR
PRECISION PERFORMANCE

G.-S. CHEN, B. J. LURIE, and B. K. WADA (California Institute of
Technology, Jet Propulsion Laboratory, Pasadena) IN: AIAA,
ASME, ASCE, AHS, and ASC, Structures, Structural Dynamics and
Materials Conference, 30th, Mobile, AL, Apr. 3-5, 1989, Technical
Papers. Part 3. Washington, DC, American Institute of Aeronautics
and Astronautics, 1989, p. 1462-1472. refs

(AIAA PAPER 89-1327)

An experimental study was made of the adaptive structure
concept. Experimental data were obtained for a three-longeron,
thirteen-bay truss-type test structure. This test structure can be
softly suspended as well as rigidly clamped at the central bay.
The load-carrying active member consists of a stack of concentric
piezoelectric wafers, an eddy current displacement sensor, and a
strain gage force sensor. A bridge (or compound) feedback
technique developed in communication engineering is applied to
the problem of active damping augmentation in adaptive structures.
Using collocated force and velocity feedback around the active
member, a desired output mechanical impedance can be
implemented to maximize energy absorption by the active members.
In addition, large gains can be implemented to linearize the active
member's nonlinear behavior. Good agreements with linear finite
element analysis was found for both static and dynamic structural
responses. An 11 percent damping in the first bending mode was

Jet Propulsion Lab., California Inst. of Tech.,,

demonstrated in the closed-loop damping experiment. Author
A89-30805#

DYNAMICS AND CONTROL OF A SPATIAL ACTIVE TRUSS
ACTUATOR

H. H. ROBERTSHAW, R. H. WYNN, JR., H. F. KUNG, S. L.
HENDRICKS, and W. W. CLARK (Virginia Polytechnic Institute and
State University, Blacksburg) IN: AIAA, ASME, ASCE, AHS, and
ASC, Structures, Structural Dynamics and Materials Conference,
30th, Mobile, AL, Apr. 3-5, 1989, Technical Papers. Part 3.
Washington, DC, American Institute of Aeronautics and
Astronautics, 1989, p. 1473-1479. refs

(AIAA PAPER 89-1328)

The methods and the results of an analytical study of the
vibration reduction potential of an octahedral, three
degree-of-freedom, spatial active truss are presented. The
continuum controlied was a 1/4-inch brass rod 75 inches long,
intrumented with strain gages to transduce strain. The active truss
had extensible links with machine screws driven by dc motors.
Good vibration control was achieved with good agreement between
the experiment and the analysis. Author

A89-30814*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.

MODEL REDUCTION FOR FLEXIBLE SPACE STRUCTURES
WODEK GAWRONSKI and TREVOR WILLIAMS (NASA, Langley
Research Center, Hampton, VA) IN: AIAA, ASME, ASCE, AHS,
and ASC, Structures, Structural Dynamics and Materials
Conference, 30th, Mobile, AL, Apr. 3-5, 1989, Technical Papers.
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Part 3. Washington, DC, American Institute of Aeronautics and
Astronautics, 1989, p. 1555-1565. refs
(AIAA PAPER 89-1339)

This paper presents the conditions under which modal truncation
yields a near-optimal reduced-order model for a flexible structure.
Next, a robust model reduction technique to cope with the damping
uncertainties typical of flexible space structure is developed. Finaily,
a flexible truss and the COFS-1 structure are used to give realistic
applications for the model reduction techniques studied in the
paper. Author

A89-30815" #
CA.

DESIGN, ANALYSIS, AND TESTING OF A HYBRID SCALE
STRUCTURAL DYNAMIC MODEL OF A SPACE STATION
MARC J. GRONET (Lockheed Missiles and Space Co., Inc.,
Sunnyvaile, CA), EDWARD F. CRAWLEY (MIT, Cambridge, MA),
and BRADLEY R. ALLEN (CSA Engineering, Inc., Palo Alto, CA)
IN: AIAA, ASME, ASCE, AHS, and ASC, Structures, Structural
Dynamics and Materials Conference, 30th, Mobile, AL, Apr. 3-5,
1989, Technical Papers. Part 4. Washington, DC, American Institute
of Aeronautics and Astronautics, 1989, p. 1567-1575. Research
supported by NASA. refs

(AIAA PAPER 89-1340)

The impracticality of testing the fully-assembled on-orbit
configurations of future large erectable space platforms fosters
an increased reliance on other means for verifying predicted
structural dynamic performance. One option is scale modeling.
This paper discusses the design of a hybrid scale dynamic test
model of the Freedom Space Station and its associated suspension
system. Hybrid scaling laws are reviewed, followed by scale factor
trades, component design examples, and an analytical evaluation
of the overall model fidelity. Component and subassembly test
results from a six-bay hybrid scale modsel truss are presented.
Potential interactions of gravity and the suspension system with
the free-free dynamics of the scale model are investigated.
Suspension system design parameters, such as the number,
location, mass, and stiffness of the suspension devices are traded
to minimize undesirable interactions and form the basis for an
overall suspension system concept for the scale model.  Author

Lockheed Missiles and Space Co., Sunnyvale,

A89-30819*#  National Aeronautics and Space Administration.
Marshall Space Flight Center, Huntsville, AL.

PRACTICES IN ADEQUATE STRUCTURAL DESIGN

ROBERT S. RYAN (NASA, Marshall Space Flight Center, Huntsville,
AL) IN: AIAA, ASME, ASCE, AHS, and ASC, Structures, Structural
Dynamics and Materials Conference, 30th, Mobile, AL, Apr. 3-5,
1989, Technical Papers. Part 4. Washington, DC, American Institute
of Aeronautics and Astronautics, 1989, p. 1612-1622. refs
(AIAA PAPER 89-1344)

An account is given of the guidelines for safe and reliable
space vehicle design, especially in the structural engineering area,
which have been formulated by NASA in the aftermath of the
Space Shuttle Challenger accident in 1986. lllustrative examples
are presented from state-of-the-art, performance-driven hardware
whose design ineluctably gives rise to a high sensitivity to small
variations and uncertainties. It is recommended that such hardware
be designed with a view to easy inspectability and manufacturability,
with emphasis on the role played in system structures by fracture
mechanics. Static and dynamic coupling effects must be precluded
wherever possible. O.C.

AB9-308387#

LARGE DEFLECTION STATIC AND DYNAMIC FINITE
ELEMENT ANALYSES OF COMPOSITE BEAMS WITH
ARBITRARY CROSS-SECTIONAL WARPING

ALAN D. STEMPLE and SUNG W. LEE (Maryland, University,
College Park) IN: AIAA, ASME, ASCE, AHS, and ASC, Structures,
Structural Dynamics and Materials Conference, 30th, Mobile, AL,
Apr. 3-5, 1989, Technical Papers. Part 4. Washington, DC, American
Institute of Aeronautics and Astronautics, 1989, p. 1788-1798.
refs

26

(Contract DAAL03-88-C-002)
(AIAA PAPER 89-1363)

A beam finite-element formulation that properly takes into
account the warping effects of composite beams undergoing large
deflection has been developed. This formuiation can be used for
static and free vibration analysis of both rotating and nonrotating
composite beams. A comparative study with a solid-element model
is presented as well as correlation with experimental observations.
The present approach allows the modeling of thin-walled composite
beams with complicated cross-section, tapers, and arbitrary
planforms. Correlation of numerical tests with a three-dimensional
solid-element formulation and experimental results demonstrate the
validity and effectiveness of the present approach. Author

AB9-30854"# Massachusetts Inst. of Tech., Cambridge.

A FREQUENCY DOMAIN ANALYSIS FOR DAMPED SPACE
STRUCTURES

NESBITT W. HAGOOD and EDWARD F. CRAWLEY (MIT,
Cambridge, MA) IN: AIAA, ASME, ASCE, AHS, and ASC,
Structures, Structural Dynamics and Materials Conference, 30th,
Mobile, AL, Apr. 3-5, 1989, Technical Papers. Part 4. Washington,
DC, American Institute of Aeronautics and Astronautics, 1989, p.
1936-1946. refs

(Contract NAGW-21)

(AIAA PAPER 89-1381)

A method is presented for the analysis of damped structural
systems in which the structural components are represented by
impedance models and analyzed in the frequency domain. Methods
are presented to assemble and condense system impedance
matrices, and then to identify approximate mass, stiffiness, and
damping matrices for systems whose impedances are complicated
functions of frequency. Formulas are derived for determination of
approximate values for system natural frequencies and damping
using frequency domain quantities. The sensitivities of these
approximate values to system parameter changes are analyzed.
The implementation of these analysis tools is discussed and applied
to a simple mechanical system. Author

AB9-30855#

MODEL CORRECTION USING A SYMMETRIC
EIGENSTRUCTURE ASSIGNMENT TECHNIQUE

D. C. ZIMMERMANN (Florida, University, Gainesville) and M.
WIDENGREN (Kungliga Tekniska Hogskolan, Stockholm,
Sweden) IN: AlAA, ASME, ASCE, AHS, and ASC, Structures,
Structural Dynamics and Materials Conference, 30th, Mobile, AL,
Apr. 3-5, 1989, Technical Papers. Part 4. Washington, DC, American
Institute of Aeronautics and Astronautics, 1989, p. 1947-1954.
refs

(AIAA PAPER 89-1382)

Improvement of structural models by incorporating measured
structural modal parameters is approached from a controls aspect.
The approach is developed for linear structures which exhibit
nonproportional damping. Residual damping and stitfness matrices
are determined such that the improved analytical model
eigenstructure matches that obtained experimentally. The method
is based on the development of a symmetric eigenstructure
assignment algorithm. Examples will be presented which
demonstrate the algorithm. Author

A89-30856#

DYNAMIC CONTINUUM MODELING OF BEAMLIKE SPACE
STRUCTURES USING FINITE ELEMENT MATRICES

USIK LEE (Korea Institute of Aeronautical Technology, Seoul,
Republic of Korea) IN: AIAA, ASME, ASCE, AHS, and ASC,
Structures, Structural Dynamics and Materials Conference, 30th,
Mobile, AL, Apr. 3-5, 1989, Technical Papers. Part 4. Washington,
DC, American Institute of Aeronautics and Astronautics, 1989, p.
1955-1962. refs

(AIAA PAPER 89-1383)

A rational and straightforward method is introduced for
developing equivalent continuum models of large beam-like periodic
lattice structures based on energy equivalence. Extended
Timoshenko beam model is chosen to take account of the effects



due to couplings between extension, transverse shear and bending
deformations. The procedure for developing continuum models
involves utilizing well-defined existing finite element matrices
directly in calculating strain and kinetic energies from which
equivalent continuum structural and dynamic properties are
induced. The numerical results of free vibration analysis show
that the method developed in this paper gives very reliable dynamic
characteristics compared to other methods. Author

A89-30866*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.

EFFICIENT EIGENVALUE ASSIGNMENT FOR LARGE SPACE
STRUCTURES

PEIMAN G. MAGHAM! and JER-NAN JUANG (NASA, Langley
Research Center, Hampton, VA)  IN: AIAA, ASME, ASCE, AHS,
and ASC, Structures, Structural Dynamics and Materials
Conference, 30th, Mobile, AL, Apr. 3-5, 1989, Technical Papers.
Part 4. Washington, DC, American Institute of Aeronautics and
Astronautics, 1989, p. 2037-2045. refs

(AIAA PAPER 89-1393)

A novel and efficient approach for the eigenvalue assignment
of large first-order time-invariant systems is developed using
full-state feedback and output feedback. First, a Schur
decomposition is applied to triangularize the state matrix. Second,
a series of coordinate rotations (Givens rotations) are used to
move the eigenvalue to be reassigned to the end of the diagonat
of its Schur form. Third, the eigenvalue is moved to the desired
location by a full-state feedback, without affecting the remaining
eigenvalues. The second and third step can be repeated until all
the assignable eigenvalues are moved to the desired locations.
Given the freedom of multiple inputs, the feedback gain matrix is
calculated to minimize an objective function composed of a gain
matrix norm and/or a robustness index of the closed-loop system.
Numerical examples are given to demonstrate the feasibility of
the proposed approach. Author

A89-30884*# Alabama Univ., Huntsville.

DESIGN OF A SECONDARY DEBRIS CONTAINMENT SHIELD
FOR LARGE SPACE STRUCTURES

WILLIAM P. SCHONBERG (Alabama, University, Huntsville) and
ROY A. TAYLOR (NASA, Marshall Space Flight Center, Huntsviile,
AL) IN: AIAA, ASME, ASCE, AHS, and ASC, Structures, Structural
Dynamics and Materials Conference, 30th, Mobile, AL, Apr. 3-5,
1989, Technical Papers. Part 4. Washington, DC, American Institute
of Aeronautics and Astronautics, 1989, p. 2193-2198. refs
(AIAA PAPER 89-1412)

All long-duration spacecraft are susceptible to impacts by
meteoroids and pieces of orbiting space debris. Such impacts are
expected to occur at extremely high speeds and can damage
internal and external flight-critical systems of spacecraft. An
effective mechanism is developed to protect external spacecraft
subsystems against damage by ricochet particles formed during
such impacts. Equations and design procedures for protective
shield panels are developed based on observed ricochet
phenomena and calculated ricochet particle sizes and speeds.
Panel dimensions are shown to be strongly dependent on their
inclination and on their distribution around a spacecraft module. It
is concluded that obliquity effects of high-speed impacts must be
considered in the design of any structure exposed to the meteoroid
and space debris environment. Author
A89-30893" # Virginia Polytechnic Inst. and State Univ,,
Blacksburg.
LOCATING DAMAGED MEMBERS IN A TRUSS STRUCTURE
USING MODAL TEST DATA - A DEMONSTRATION
EXPERIMENT
SUZANNE WEAVER SMITH (Virginia Polytechnic Institute and
State University, Blacksburg) and PAUL E. MCGOWAN (NASA,
Langley Research Center, Hampton, VA) AIAA, ASME, ASCE,
AHS, and ASC, Srtuctures, Structural Dynamics and Materials
Conference, 30th, Mobile, AL, Apr. 3-5, 1989. 8 p. refs
(AIAA PAPER 89-1291)

An experiment is designed to demonstrate and verify the

03 STRUCTURAL CONCEPTS

performance of the on-orbit assessment approach for large flexible
space truss structures. The on-orbit assessment approach can be
accomplished, in principle, with dynamic response information,
structural identification methods, and model correlation techniques
which produce an adjusted mathematical model. An optimal update
of the structure model is formed using the response data, then
examined to locate damaged members. The experiment uses a
laboratory scale model truss structure which exhibits characteristics
expected for large space truss structures. Vibration experiments
are performed to generate response data for the damaged truss.
The damage location approach is described, as well as analytical
work performed in support of the vibration tests, the measured
response of the test article, and some preliminary results. S.A.V.

AB89-31091#
CONTROL OF ARTICULATED AND DEFORMABLE SPACE
STRUCTURES
HAROLD L. ALEXANDER (Stanford University, CA) IN: Machine
intelligence and autonomy for aerospace systems. Washington,
DC, American Institute of Aeronautics and Astronautics, Inc., 1988,
p. 327-347. refs

The technology developed to date for dynamic control of
deformable space structures and articulated space robots is
discussed with a view to applications associated with future space
industrialization. A freely-floating manipulator base, such as a
satellite robot, has no conveniently constant relationship between
joint angles and end-effector position, relative to a target object.
Noncotlocated tip-position control has demonstrated benefits for
the dynamic control of manipulators. Operational-space control,
based on a full, nonlinear, rigid-body dynamic and kinematic model
of the manipulator being controlled, is an additional possible
method. Attention is given to laboratory simulations of several
control systems. O.C.

AB89-31525

VACUUM STRESSING TECHNIQUE FOR COMPOSITE
LAMINATES INSPECTION BY OPTICAL METHOD

N. A. RUBAY! and S. H. LIEW (Southern lllinois University,
Carbondale, IL) Experimental Techniques (ISSN 0732-8818), vol.
13, March 1989, p. 17-20. Research sponsored by the Southern
lllinois University.

The application of the vacuum-stressing method is discussed
as a nondestructive testing tool employed in conjunction with
holographic interferometry for the detection of flaws and
delaminations on or near the surface of composite laminates.
Several eight-ply graphite/epoxy composite rectangular laminates
were tested having unidirectional, cross-ply, and muitiple-direction
ply stacking sequences. The flaws made in the specimens were
of either rectangular, equilateral, triangular, or circular shape. The
effect of the shape, size, and location of the flaws on their detection
and resulting fringe patterns was studied. The effect of the stacking
sequence and ply orientation on flaw detection was also
investigated. Three real-time holograms give representative results
of the vacuum-stressing technique. S.AV.

A89-31919*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA,
THERMAL-STRESS-FREE FASTENERS FOR JOINING
ORTHOTROPIC MATERIALS

MAX L. BLOSSER (NASA, Langley Research Center, Hampton,
VA) AlAA Journal (ISSN 0001-1452), vol. 27, April 1989, p.
472-478. Previously cited in issue 19, p. 3036, Accession no.
A87-44836. refs

N89-10297*# North Carolina Agricultural and Technical State
Univ., Greensboro. Dept. of Architectural Engineering.
DYNAMICS AND CONTROL OF THE ORBITING GRID
STRUCTURES AND THE SYNCHRONOUSLY DEPLOYABLE
BEAM Final Report

ELIAS G. ABU-SABA 28 Sep. 1988 62 p

(Contract NAG1-405)

(NASA-CR-183205; NAS 1.26:183205) Avail: NTIS HC A04/MF
AO01 CSCL 20K
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Analytical models were provided for the orbiting grid structure
and the joint dominated beam and computational procedures used
in determining the eigen value characteristics. Author

N89-10838*#  Joint Inst. for Advancement of Flight Sciences,
Washington, DC.
PROGRAM OF RESEARCH IN STRUCTURES AND DYNAMICS
Final Report
Sep. 1988 35 p
{Contract NGR-09-010-078)
(NASA-CR-183191; NAS 1.26:183191) Avail: NTIS HC A03/MF
AO1 CSCL 01B

The Structures and Dynamics Program was first initiated in
1972 with the following two major objectives: to provide a basic
understanding and working knowledge of some key areas pertinent
to structures, solid mechanics, and dynamics technology including
computer aided design; and to provide a comprehensive
educational and research program at the NASA Langley Research
Center leading to advanced degrees in the structures and dynamics
areas. During the operation of the program the research work
was done in support of the activities of both the Structures and
Dynamics Division and the Loads and Aeroelasticity Division. During
the period of 1972 to 1986 the Program provided support for two
full-time faculty members, one part-time faculty member, three
postdoctoral fellows, one research engineer, eight programmers,
and 28 graduate research assistants. The faculty and staff of the
program have published 144 papers and reports, and made 70
presentations at national and international meetings, describing
their research findings. In addition, they organized and helped in
the organization of 10 workshops and national symposia in the
structures and dynamics areas. The graduate research assistants
and the students enrolled in the program have written 20 masters
theses and 2 doctoral dissertations. The overall progress is
summarized. Author

N89-10814"#  National Aeronautics and Space Administration.
Goddard Space Flight Center, Greenbelt, MD.
UTILIZATION OF SPRAY ON FOAM INSULATION FOR
MANNED AND UNMANNED SPACECRAFT AND STRUCTURES
THOMAS M. HANCOCK, Il /n its The 1988 Get Away Special
Experimenter's Symposium p 81 Sep. 1988
Avail: NTIS HC A07/MF A01 CSCL 228

The idea of using spray-on foam insulation as a passive thermal
and micrometeorite protection system is explored. The benefits of
applying an exterior coating of foam insulation can be: (1) the
foam can provide a thermally stable shield that can assist in
reducing the strain on traditional space radiator systems and can
also act as a passive thermal guard, allowing a greater fault
tolerance if the standard system should fail; (2) the foam can act
as an ablative shell diminishing the effects of natural and manmade
debris striking the structure; (3) the foam is lightweight - about
1/2 ounce per sq ft; (4) the foam is low cost and easy to maintain;
and (5) the foam is a stable material that does not react when
exposed to earth or lunar environments. Author

N89-10936"# General Dynamics Corp., San Diego, CA. Space
Systems Div.
DEVELOPMENT OF A VERIFICATION PROGRAM FOR
DEPLOYABLE TRUSS ADVANCED TECHNOLOGY Final
Report
JACK E. DYER Sep. 1988 161 p
(Contract NAS1-18274)
(NASA-CR-181703; NAS 1.26:181703) Avail: NTIS HC A08/MF
A01 CSCL 22B

Use of large deployable space structures to satisfy the growth
demands of space systems is contingent upon reducing the
associated risks that pervade many related technical disciplines.
The overall objectives of this program was to develop a detailed
plan to verify deployable truss advanced technology applicable to
future large space structures and to develop a preliminary design
of a deployable truss reflector/beam structure for use a a
technology demonstration test article. The planning is based on a
Shuttle flight experiment program using deployable 5 and 15 meter
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aperture tetrahedral truss reflections and a 20 m long deployable
truss beam structure. The plan addresses validation of analytical
methods, the degree to which ground testing adequately simulates
flight and in-space testing requirements for large precision antenna
designs. Based on an assessment of future NASA and DOD space
system requirements, the program was developed to verify four
critical technology areas: deployment, shape accuracy and control,
pointing and alignment, and articulation and maneuvers. The flight
experiment technology verification objectives can be met using
two shuttle flights with the total experiment integrated on a single
Shuttle Test Experiment Platform (STEP) and a Mission Peculiar
Experiment Support Structure (MPESS). First flight of the
experiment can be achieved 60 months after go-ahead with a
total program duration of 90 months. Author

N89-11250#
Studies.
THE MINI-OSCILLATOR TECHNIQUE: A FINITE ELEMENT
METHOD FOR THE MODELING OF LINEAR VISCOELASTIC
STRUCTURES Thesis
DONALD J. MCTAVISH Mar. 1988 123 p
(UTIAS-323; ISSN-0082-5255) Avail: NTIS HC AO6/MF AQ1

The use of finite elements to model complex structures has
been traditionally effective with regard to mass properties and
equilibrium elastic stitfness properties. A practical formulation is
presented for the analysis of structures whose constituent materials
may be classed as linear viscoelastic. Construction of viscoelastic
finite element matrices fully compatible with the usual second order
equations of motion is demonstrated, given a knowledge of material
properties. The viscoelastic material properties are represented in
the Laplace domain by the Golla-Hughes-McTavish (GHM) Analytic
Model. The Mini-Cscillator Technique is introduced and developed
through the consideration of a single modulus finite element for
which the mass and elastic stiffness matrices are known. The
simplest case of a single degree of freedom finite element is
examined in detail to expose a mechanical analogy from which
the mini oscillator technique derives its name. The procedure is
then extended to the case of a general structural model with
many elements. Each finite element may be of a different material
with stiffness properties ranging between simple elastic and multi
modulus viscoelastic. Author

Toronto Univ. (Ontario). Inst. for Aerospace

N89-11793"# Draper (Charles Stark) Lab., Inc., Cambridge, MA.
CONTROL OF FLEXIBLE STRUCTURES-2 (COFS-2) FLIGHT
CONTROL, STRUCTURE AND GIMBAL SYSTEM
INTERACTION STUDY Final Report
STANLEY FAY, STEPHEN GATES, TIMOTHY HENDERSON,
LESTER SACKETT, KIM KIRCHWEY, ISAAC STODDARD, and
JOEL STORCH Sep. 1988 205 p
(Contract NAS9-17560)
(NASA-CR-172095; R-2088; NAS 1.26:172095) Avail: NTIS HC
A10/MF A01 CSCL 22/2

The second Controi Of Flexible Structures Flight Experiment
(COFS8-2) includes a long mast as in the first flight experiment,
but with the Langley 15-m hoop column antenna attached via a
gimbal system to the top of the mast. The mast is to be mounted
in the Space Shuttle cargo bay. The servo-driven gimbal system
could be used to point the antenna relative to the mast. The
dynamic interaction of the Shuttle Orbiter/COFS-2 system with
the Orbiter on-orbit Flight Control System (FCS) and the gimbal
pointing control system has been studied using analysis and
simulation. The Orbiter pointing requirements have been assessed
for their impact on allowable free drift time for COFS experiments.
Three fixed antenna configurations were investigated. Also
simulated was Orbiter attitude control behavior with active vernier
jets during antenna slewing. The effect of experiment mast dampers
was included. Control system stability and performance and loads
on various portions of the COFS-2 structure were investigated.
The study indicates possible undesirable interaction between the
Orbiter FCS and the flexible, articulated COFS-2 mast/antenna
system, even when restricted to vernier reaction jets. Author



N89-11794# CSA Engineering, Inc., Palo Alto, CA.
SCALING OF LARGE SPACE STRUCTURE JOINTS Final
Report, Jul. 1987 - Feb. 1988
DAVID A. KIENHOLZ Jun. 1988 30 p
(Contract F33615-87-C-3239)
(AD-A197027; CSA-880204; AFWAL-TR-88-3047) Avail: NTIS
HC A03/MF A01 CSCL 22/5

Large orbiting spacecraft will often use trusses as primary,
load-carrying structure. Favorable strength/weight and stiff-
ness/weight ratios as well as compact stowage make trusses
a natural candidate for erectable space structures. However the
sheer size of proposed spacecraft raises important questions with
respect to verification of their predicted dynamic properties.
Assembled orbiting structures will be, in many cases, much too
large for ground vibration testing. Some are not even capable of
supporting their own weight in the earth’s gravity. Various truss
structures currently proposed for on-orbit assembly are too large
to be tested on the ground. This has led to renewed interest in
scale models for verification of predicted structural dynamic
properties. However, a realistic scale model truss requires joints
whose stiffness and damping properties are in-scale with those of
the full-size counterpart. The primary conclusion is that accurate
scale modeling of erectable trusses is quite feasible. GRA

N89-12624*# Yale Univ., New Haven, CT. Center for Systems
Science.
VIBRATION SUPPRESSION IN A LARGE SPACE STRUCTURE
Final Report
KUMPATI S. NARENDRA Aug. 1988 12 p
(Contract NAS9-17395)
(NASA-CR-182831; NAS 1.26:182831) Avail: NTIS HC A03/MF
A0t CSCL 22/2

The Yale University Center for Systems Science and the NASA
Johnson Space Center collaborated in a study of vibration
suppression in a large space structure during the period January
1985 to August 1987. The research proposal submitted by the
Center to NASA concerned disturbance isolation in flexible space
structures. The general objective of the proposal was to create
within the Center a critical mass of expertise on problems related
to the dynamics and control of large flexible space structures. A
specific objective was to formulate both passive and active controi
strategies for the disturbance isolation problem. Both objectives
were achieved during the period of the contract. While an extensive
literature exists on the control of flexible space structures, it is
generally acknowledged that many important questions remain
open at even a fundamenta!l level. Hence, instead of studying
grossly simplified models of complex structural systems, it was
decided as a first step to confine attention to detailed and thorough
analyses of simple structures. Author

NB89-12786" National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
TRUSS-CORE CORRUGATION FOR COMPRESSIVE LOADS
Patent
RANDALL C. DAVIS, inventor (to NASA) and ROBERT JACKSON,
inventor (to NASA) 13 Sep. 1988 9 p Filed 5 Mar. 1987
Supersedes N87-25496 (25 - 19, p 2601)
(NASA-CASE-LAR-13438-1; US-PATENT-4,769,968,
US-PATENT-APPL-SN-022298; US-PATENT-CLASS-52-814;
US-PATENT-CLASS-52-821; US-PATENT-CLASS-428-182)
Avail: US Patent and Trademark Office CSCL 13/2

A corrugated panel structure for supporting compressive loads
is described which includes curved cap strips separated by
truss-core web segments. The truss-core web segments are formed
from first and second flat panels with a corrugated filler in between
them. The corrugated filler extends in the direction of the
compressive load. As a result, all components of the panel structure
have a compressive load carrying capability resulting in a high
strength-to-weight ratio when the compressive load is limiting.
Application to rocket and aircraft structures is suggested.

Official Gazette of the U.S. Patent and Trademark Office
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N89-13460*# National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
PROCEEDINGS OF THE 4TH ANNUAL SCOLE WORKSHOP
LAWRENCE W. TAYLOR, JR., comp. Oct. 1988 383 p
Workshop held in Colorado Springs, Colo., 16 Nov. 1987
(NASA-TM-101503; NAS 1.15:101503) Avail: NTIS HC A17/MF
AO1 CSCL 22/2

This publication is a collection of papers presented at the Fourth
Annual Spacecraft Control Laboratory Experiment (SCOLE)
Workshop held at the U.S.AF. Academy, Colorado Springs,
Colorado, November 16, 1987. The papers address the modeling,
systems identification, and control synthesis for the Spacecraft
Control Laboratory Experiment (SCOLE) configuration.

N89-13463*# California Univ., Los Angeles. Dept. of Electrical
Engineering.
SOME NONLINEAR DAMPING MODELS IN FLEXIBLE
STRUCTURES
A. V. BALAKRISHNAN /in NASA, Langley Research Center,
Proceedings of the 4th Annual SCOLE Workshop p 54-66  Oct.
1988
Avail: NTIS HC A17/MF A01  CSCL 22/2

A class of nonlinear damping models is introduced with
application to flexible flight structures characterized by low damping.
Approximate solutions of engineering interest are obtained for the
model using the classical averaging technique of Krylov and
Bogoliubov. The results should be considered preliminary pending
further investigation. Author

N89-13470"# Purdue Univ., West Lafayette, IN.
PLACING DYNAMIC SENSORS AND ACTUATORS ON
FLEXIBLE SPACE STRUCTURES
GREGORY A. NORRIS and ROBERT E. SKELTON  /n NASA,
Langley Research Center, Proceedings of the 4th Annual SCOLE
Workshop p 217-257  Oct. 1988
Avail: NTIS HC A17/MF A01 CSCL 22/2

Input/Output Cost Analysis involves decompositions of the
guadratic cost function into contributions from each stochastic input
and each weighted output. In the past, these suboptimal cost
decomposition methods of sensor and actuator selection (SAS)
have been used to locate perfect (infinite bandwidth) sensor and
actuators on large scale systems. This paper extends these ideas
to the more practical case of imperfect actuators and sensors
with dynamics of their own. NASA’s SCOLE examples demonstrate
that sensor and actuator dynamics affect the optimal selection
and placement of sensors and actuators. Author

N89-13471*# California Univ., Berkeley. Dept. of Electrical
Engineering and Computer Sciences.
OPTIMIZATION-BASED DESIGN OF CONTROL SYSTEMS FOR
FLEXIBLE STRUCTURES
E. POLAK, T. E. BAKER, T-L. WUU, and Y-P. HARN /n NASA,
Langley Research Center, Proceedings of the 4th Annual SCOLE
Workshop p 259-290  Oct. 1988
(Contract NO0014-86-K-0295; AF-AFOSR-0116-86; NSF
ECS-85-17362)
Avail: NTIS HC A17/MF A0O1 CSCL 22/2

The purpose of this presentation is to show that it is possible
to use nonsmooth optimization algorithms to design both
closed-loop finite dimensional compensators and open-loop optimal
controls for flexible structures modeled by partial differential
equations. An important feature of our approach is that it does
not require modal decomposition and hence is immune to
instabilities caused by spillover effects. Furthermore, it can be
used to design control systems for structures that are modeled
by mixed systems of coupled ordinary and partial differential
eguations. Author

NB9-13472*# Naval Research Lab., Washington, DC.

EFFECT OF ACTUATOR DYNAMICS ON CONTROL OF BEAM
FLEXURE DURING NONLINEAR SLEW OF SCOLE MODEL
SHALOM FISHER in NASA, Langley Research Center,
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Proceedings of the 4th Annual SCOLE Workshop p 291-307  Oct.
1988
Avail: NTIS HC A17/MF A0O1 CSCL 22/2

The effect of actuator dynamics on the control of beam flexure
during nonlinear slewing of the SCOLE model is discussed. Two
aspects of physical limitations on the regulation of beam fiexure
are similated, i.e., (1) a one foot travel limitation of displacement
of proof-mass actuators; and (2) a time delay of 0.1 secs. in
application of controls. The goal was to assess the magnitude of
induced errors and, comparing the results to the ideal, and to
determine how much flexure there is during slew and settling.

Author

NB9-13486"#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
AN INTEGRATED IN-SPACE CONSTRUCTION FACILITY FOR
THE 21ST CENTURY
MARTIN M. MIKULAS, JR. and JOHN T. DORSEY Nov. 1988
31
(NA%A-TM-101515; NAS 1.15:101515) Avail: NTIS HC A03/MF
AD1 CSCL 22/2

Preliminary results are presented of studies being conducted
by NASA on the construction of very large spacecraft. The various
approaches are discussed for constructing spacecraft and their
relative merits. It is observed that the Space Station Freedom
has all of the basic design characteristics to permit its growth into
an in-space construction facility for very large spacecraft. Also it
is noted that if disturbances from construction operations are
intolerable to other Space Station experiments, a co-orbiting
construction facility could be built using previously developed Space
Station truss hardware and systems. A discussion is also presented
of a new PATHFINDER research initiative on on-orbit construction.
This research effort is aimed at developing construction methods
for very large spacecraft and includes the development of a 100
meter long space crane. Author

N89-13815"#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
A SPACE CRANE CONCEPT: PRELIMINARY DESIGN AND
STATIC ANALYSIS
MARTIN M. MIKULAS, JR., ROBERT C. DAVIS, and WILLIAM H.
GREENE Nov. 1988 18 p
(NASA-TM-101498; NAS 1.15:101498) Avail: NTIS HC AO3/MF
A0t CSCL 20/11

Future in-space construction and assembly facilities will require
the use of space cranes capable of supporting and manipulating
large and massive loads. The large size of the space components
being considered for construction will require that these cranes
have a reach on the order of 100 meters. A space crane
constructed from an erectable four-longeron truss beam with 19
5-sq-m truss bays is considered. This concept was selected to be
compatible with the Space Station truss. This truss is hinged at
three locations along its bottom edge and attached at one end to
a rotary joint cantilevered to the assembly depot's main truss
structure. The crane’s boom sections are rotated by extensible
longeron actuators located along the top edge of the beam. To
achieve maximum position maneuvering capability for the crane
requires that the individual sections be capable of rotating 180
degrees about the hinge point. This can only be accomplished by
offsetting the hinges from the longeron axes. Since offset hinges
introduce bending moments in the truss members, an analysis of
the effect of hinge offsets on the load-carrying capacity of the
structure is required. The objective of the static finite element
analysis described is to determine the effect of various offset
lengths on the overall bending stiffness of the crane and on the
maximum stresses. Author

N89-14901"# Lowell Univ., MA. Dept. of Mechanical and Energy
Engineering.

SOME TEST/ANALYSIS ISSUES FOR THE SPACE STATION
STRUCTURAL CHARACTERIZATION EXPERIMENT Abstract

Only
CHAUR-MING CHOU /n Hampton Inst, NASA/American Society
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for Engineering Education (ASEE) Summer Faculty Fellowship
Program 1988 p 48-49  Sep. 1988
Avail: NTIS HC A07/MF A01 CSCL 22/2

The Space Station Structural Characterization Experiment
(SSSCE) 1,2 is an early space flight experiment that uses the
space station as a generic structure to study the dynamic
characteristics of Large Space Structures (LSS). On-orbit modal
testing will be conducted to determine natural frequencies, mode
shapes and damping of dominant structural modes of the space
structure assembly. This experiment will utimately support the
development of system indentification and analytical modeling
techniques for Large Space Structures. In order to ensure the
success of SSSCE (in-space validation of modeling techniques
for LSS), adequate measurement and instrumentation requirements
have to be established during the experiment-definition study.
Among the issues affecting these requirements, spatial and modal
coverages of the modal test data are of particular interest. Topics
such as total number of sensors, type of measurements (translation
and rotation), optimal sensor locations (measurement degrees-
of-freedom), selection of target modes, effects of modal super-
position and truncation, separation of global and local modes,
etc., are all a fundamental importance and must be investigated.

Author

N89-14925* # Virginia Polytechnic Inst. and State Univ.,
Blacksburg. Dept. of Engineering Science and Mechanics.
EXTENSION AND VALIDATION OF A METHOD FOR
LOCATING DAMAGED MEMBERS IN LARGE SPACE TRUSSES
Abstract Only
SUZANNE WEAVER SMITH /n Hampton Inst., NASA/American
Society for Engineering Education (ASEE) Summer Faculty
Fellowship Program 1988 p 97-98 Sep. 1988
Avail: NTIS HC AO7/MF A01 CSCL 22/2

The damage location approach employs the control system
capabilities for the structure to test the structure and measure the
dynamic response. The measurements are then used in a system
identification algorithm to produce a model of the damaged
structure. The model is compared to one for the undamaged
structure to find regions of reduced stiffness which indicate the
location of damage. Kabe’s 3,4 stiffness matrix adjustment method
was the central identification algorithm. The strength of his method
is that, with minimal data, it preserves the representation of the
physical connectivity of the structure in the resulting mode! of the
damaged truss. However, extensive storage and computational
effort were required as a result. Extension of the damage location
method to overcome these problems is the first part of the current
work. The central system identification algorithm is replaced with
the MSMT method of stiffness matrix adjustment which was
previously derived by generalizing an optimai-update secant method
form quasi-Newton approaches for nonlinear optimization.
Validation of the extended damage location method is the second
goal. Author

N89-14932*# Ohio State Univ., Columbus. Dept. of Engineering
Mechanics.
THE INFLUENCE OF AND THE IDENTIFICATION OF
NONLINEARITY IN FLEXIBLE STRUCTURES Abstract Only
LAWRENCE D. ZAVODNEY /n Hampton Inst., NASA/American
Society for Engineering Education (ASEE) Summer Faculty
Fellowship Program 1988 p 108-109 Sep. 1988
Avail: NTIS HC AO7/MF A0t CSCL 20/11

Several modsls were built at NASA Langley and used to
demonstrate the following nonlinear behavior: internal resonance
in a free response, principal parametric resonance and subcritical
instability in a cantilever beam-lumped mass structure, combination
resonance in a parametrically excited flexible beam, autoparametric
interaction in a two-degree-of-freedom system, instability of the
linear solution, saturation of the excited mode, subharmonic
bifurcation, and chaotic responses. A video tape documenting these
phenomena was made. An attempt to identify a simple structure
consisting of two light-weight beams and two lumped masses using
the Eigensystem Realization Algorithm showed the inherent
difficulty of using a linear based theory to identify a particular



nonlinearity. Preliminary results show the technigue requires novel
interpretation, and hence may not be useful for structural modes
that are coupled by a guadratic nonlinearity. A literature survey
was also completed on recent work in parametrically excited
nonlinear system. In summary, nonlinear systems may possess
unique behaviors that require nonlinear identification techniques
based on an understanding of how nonlinearity affects the dynamic
response of structures. In this was, the unique behaviors of
nonlinear systems may be properly identified. Moreover, more
accutate quantifiable estimates can be made once the qualitative
model has been determined. Author

N89-15156*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
EXPERIENCES IN APPLYING OPTIMIZATION TECHNIQUES
TO CONFIGURATIONS FOR THE CONTROL OF FLEXIBLE
STRUCTURES (COFS) PROGRAM
JOANNE L. WALSH Oct. 1988 31 p Presented at the 2nd
NASA/Air Force Symposium on Recent Advances in
Multidisciplinary Analysis and Optimization, Hampton, VA, 28-30
Sep. 1988
(NASA-TM-101511; NAS 1.16:101511)  Avail: NTIS HC A03/MF
A01 CSCL 22/2

Optimization procedures are developed to systematically
provide closely-spaced vibration frequencies. A general-purpose
finite-element program for eigenvalue and sensitivity analyses is
combined with formal mathematical programming techniques.
Results are presented for three studies. The first study uses a
simple model to obtain a design with two pairs of closely-spaced
frequencies. Two formulations are developed: an objective
function-based formulation and constraint-based formulation for the
frequency spacing. It is found that conflicting goals are handled
better by a constraint-based formulation. The second study uses
a detailed model to obtain a design with one pair of closely-spaced
frequencies while satisfying requirements on local member
frequencies and manufacturing tolerances. Two formulations are
developed. Both the constraint-based and the objective
function-based formulations perform reasonably well and converge
to the same results. However, no feasible design solution exists
which satisfies all design requirements for the choices of design
variables and the upper and lower design variable values used.
More design freedom is needed to achieve a fully satisfactory
design. The third study is part of a redesign activity in which a
detailed model is used. The use of optimization in this activity
allows investigation of numerous options (such as number of bays,
material, minimum diagonal wall thicknesses) in a relatively short
time. The procedure provides data for judgments on the effects
of different options on the design. Author

N89-15161 Missouri Univ., Rolla.
MODELING AND CONTROL OF LARGE FLEXIBLE SPACE
STRUCTURES Ph.D. Thesis
JAYANT V. RAMAKRISHNAN 1988 230 p
Avail: Univ. Microfilms Order No. DAB816024

Simulation of space structures forms a critical part of the space
station design process. The distributed parameter system is
discretized by the finite element technique and represented by a
finite set of ordinary ditferential equations. However, from the
viewpoint of control computations, the dimensions of the finite
element matrices are too large. A lower order model based on
some criteria is derived via the process of aggregation and is
used for simuiation purposes. The thesis investigates the merits
and demerits of some model reduction techniques as addressed
to this specific problem. A simple and intuitively appealing
degree-of-controllability definition is derived that enhances the
approach to the actuator/sensor placement problem. Controller
synthesis for a realistic space station, the associated spillover,
bounds of suboptimality and the performance degradation are
investigated. The balanced realization technique and the Routh
approximation method are used in the synthesis of lower order
models. The simulations include vibration suppression and
minimization of line-of-sight errors. Results indicate that controllers

derived using reduced order models perform very well.
Dissert. Abstr.

N89-15431# National Aerospace Lab., Amsterdam (Netherlands).
Space Div.
ACCURACY OF MODAL FREQUENCY SET WITH FICTITIOUS
JOINTS MODELING
P. TH. L. M. VANWOERKOM 26 May 1987 32 p Sponsored
by the Netherlands Agency for Aerospace Programs, Delit
{NLR-TR-87126-U; ETN-89-93887) Avail: NTIS HC A03/MF AO1
The accuracy of the fictitious joints modeling technique is
assessed relative to the standard distributed parameter modeling
technique. The system is a pinned-pinned Euler-Bernouilli beam.
The accuracy criterion is the error in the modal frequencies for
the two modeling techniques. The accuracy of the fictitious joints
model is very good, although it degrades with increasing mode
number. Inaccuracies in the modal frequencies may (after system
assembly) lead to errors in those modal frequencies that are located
within the bandwith of interest of the assembled system. The
modal frequencies for the fictitious joints model are always lower
than those for the truth model. This is a convenient property when
choosing integration step sizes for numerical simulations. ESA

N89-15433*# Catholic Univ. of America, Washington, DC. Dept.
of Mechanical Engineering.
ACTIVE CONTROL OF BUCKLING OF FLEXIBLE BEAMS Final
Report
A. BAZ and L. TAMPE 19 Jan. 1989 35 p
(Contract NAG5-520)
(NASA-CR-183333; NAS 1.26:183333) Avail: NTIS HC A03/MF
AO1 CSCL 20/11

The feasibility of using the rapidly growing technology of the
shape memory alloys actuators in actively controlling the buckling
of large flexible structures is investigated. The need for such
buckling control systems is becoming inevitable as the design
trends of large space structures have resulted in the use of
structural members that are long, slender, and very flexible. In
addition, as these truss members are subjected mainly to
longitudinal loading they become susceptible to structural
instabilities due to buckling. Proper control of such instabilities is
essential to the effective performance of the structures as stable
platforms for communication and observation. Mathematical models
are presented that simulate the dynamic characteristics of the
shape memory actuator, the compressive structural members, and
the associated active control system. A  closed-loop
computer-controlled system is designed, based on the developed
mathematical models, and implemented to control the buckling of
simple beams. The performance of the computer-controlled system
is evaluated experimentally and compared with the theoretical
predictions to validate the developed models. The obtained results
emphasize the importance of buckling control and suggest the
potential of the shape memory actuators as attractive means for
controlling structural deformation in a simple and reliable way.

Author

N89-15438*#  National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, OH.
FREE-VIBRATION CHARACTERISTICS AND CORRELATION
OF A SPACE STATION SPLIT-BLANKET SOLAR ARRAY
KELLY S. CARNEY and FRANCIS J. SHAKER 1889 15 p
Prepared for presentation at the 30th Structures, Structural
Dynamics and Materials Conference, Mobile, AL, 3-5 Apr. 1989;
sponsored in part by AIAA, ASME, ASCE, AHS and ACS
(NASA-TM-101452; E-4563; NAS 1.15:101452) Avail: NTIS HC
AO3/MF A01 CSCL 20/11

Two methods for studying the free-vibration characteristics of
a large split-blanket solar array in a zero-g cantilevered
configuration are presented. The zero-g configuration corrresponds
to an on-orbit configuration of the Space Station solar array. The
first method applies the equations of continuum mechanics to
determine the natural frequencies of the array; the second uses
the finite element method program, MSC/NASTRAN. The stiffness
matrix from the NASTRAN solution was found to be erroneously
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grounded. The results from the two methods are compared. it is
concluded that the grounding does not seriously compromise the
solution to the elastic modes of the solar array. However, the
correct rigid body modes need to be included to obtain the correct
dynamic model. Author

N89-15970"#  National Aeronautics and Space Administration.
Langiey Research Center, Hampton, VA.
A COMPARISON OF TWO TRUSSES FOR THE SPACE
STATION STRUCTURE
THOMAS R. SUTTER and HAROLD G. BUSH  Washington, DG
Mar. 1989 23 p
(NASA-TM-4093; L-16540; NAS 1.15:4093) Avail: NTIS HC
AO3/MF A0t CSCL 22/2

The structural performance of two truss configurations, the
orthogonal tetrahedral and a Warren-type, are compared using
finite element models representing the November Reference Phase
1 Space Station. The truss torsional stiffness properties and
fundamental torsion frequency are determined using cantilever
truss-beam models. Frequencies, mode shapes, transient response,
and truss strut compressive loads are compared for the two space
station models. The performance benefit resulting from using a
high modulus truss strut is also presented. Finally, assembly and
logistics characteristics of the two truss configurations are
evaluated. Author

NB9-15971# Business and Technological Systems, inc., Laurel,
MD.
ALGORITHMS FOR ROBUST IDENTIFICATION AND CONTROL
OF LARGE SPACE STRUCTURES, PHASE 1 Final Report,
Aug. 1987 - Mar. 1988
JAMES V. CARROLL 14 May 1988 85 p Sponsored in part
by SDIO/Innovative Science and Technology Office, Washington,
DC
(Contract F49620-87-C-0099)
(AD-A198130; BTS63-88-34/AB; J1131; AFOSR-88-0755TR)
Avail: NTIS HC A0O5/MF A01  CSCL 22/1

A new method of providing robust attitude control for tracking
and slewing maneuvers for large flexible space structures in orbit
is developed, and preliminary analyses and performance studies
are conducted. The key elements of the method are system
identification in real time, based on canonical variate analysis,
and adaptive robust control using Model Predictive Control. The
Canonical Variate Analysis method aiso possesses the built-in
capability for performing statistically optimal model order reduction.
Computational algorithms are deveioped using several low order
flexible models. The results of this feasibility effort demonstrate
that the new method is subject to careful design to reduce computer
core size problems, but that its overall performance offers
encouraging potential for more complete development. GRA

N89-15973# SatCon Technology Corp., Cambridge, MA.
DISTRIBUTED MAGNETIC ACTUATORS FOR FINE SHAPE
CONTROL Finail Report, Jul. 1987 - Jan. 1988
GEORGE ANASTAS, DAVID EISENHAURE, RICHARD HOCKNEY,
BRUCE JOHNSON, and KATHLEEN MISOVEC  Jun. 1988
91 p
(Contract F04611-87-C-0047)
(AD-A199287; R01-88; AFAL-TR-88-026) Avail: NTIS HC
A05/MF AO01 CSCL 22/2

New spacecraft designs feature large structures characterized
by low natural frequencies and stringent pointing and vibration
requirements. These large space structures pose unique and
difficult control problems. These problems include system
bandwidths greater than structural natural frequencies; lack of
accurate information about the dynamic characteristic of the
structure being controlled; complicated high-order dynamics,
including non-linear behavior; and stringent requirements for
distributed shape control. An important part of the solution to
these control problems is the development of actuators capable
of applying force or torque to the structures. Conventionally these
actuators have been reaction mass actuators or distributed
piezoelectric materials. The objective of this research program
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was to investigate other innovative actuator designs for use in
flexible spacecraft structure control. In particular, actuators based
on the direct use of electromagnetic forces were developed.

GRA

N89-16193"# Ohio State Univ., Columbus. Dept. of Aeronautical
and Astronautical Engineering.
A NOVEL APPROACH IN FORMULATION OF SPECIAL
TRANSITION ELEMENTS: MESH INTERFACE ELEMENTS
Status Report
NESRIN SARIGUL Jan. 1989 67 p
(Contract NAG3-790; RF PROJ. 765939/719301)
(NASA-CR-184768; NAS 1.26:184768) Avail: NTIS HC A04/MF
A01  CSCL 20/11

The objective of this research is to develop more accurate
and efficient advanced methods for solution of singular problems
encountered in various branches of mechanics. The research
program includes the formulation of new class elements called
Mesh Interface Elements (MIE) to connect meshes of traditional
elements either in three dimensions or in three and two dimensions.
The finite element formulations are based on the boolean sum
and blending operators. In today’s advanced aircraft and space
structure applications, steep temperature and/or stress gradients
are commonly encountered. The analysis methods need to
incorporate these steep gradients into the solution efficiently and
accurately. Mesh Interface Elements are formulated and tested to
account for the steep gradient effects. At present, the heat transfer
and structural analysis problems are formuiated from uncoupled
theory point of view. The status report, first, summarizes the general
formulation for heat transfer and structural analysis by including
the newly introduced varying material properties at material nodal
points of the elements concept. The the formulation of mesh
interface elements is detailed. On the computational efficiency
side, a hidden-symbolic computation concept developed by the
author is given. Verfication examples are included from the heat
transfer and structural analysis problems. The appendix includes
listings of the computer modules developed for this purpose.

Author

NB89-16194*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
REDUCING DISTORTION AND INTERNAL FORCES IN TRUSS
STRUCTURES BY MEMBER EXCHANGES
WILLIAM H. GREENE and RAPHAEL T. HAFTKA (Virginia
Polytechnic inst. and State Univ., Blacksburg.) Jan. 1989 26 p
(NASA-TM-101535; NAS 1.15:101535)  Avail: NTIS HC AG3/MF
A01  CSCL 20/11

Manufacturing errors in the length of members or joint diameters
of large truss reflector backup structures may result in unacceptable
large distortion errors or member forces. However, it may be
possible to accurately measure these length or diameter errors.
The present work suggests that a member and joint placement
strategy may be used to reduce distortion errors and internal
member forces. A member and joint exchange algorithm is used
to demonstrate the potential of this approach on several
102-member and 660-member truss reflector structures. It is shown
that it is possible to simuitaneously reduce the rms of the surface
error and the rms of member forces by two orders of magnitude
by member and joint exchanges. Author

NB9-19333# Virginia Univ., Charlottesville. Dept. of Mechanical
and Aerospace Engineering.
PROCEEDINGS OF THE FIFTH AFOSR FORUM ON SPACE
STRUCTURES
WALTER D. PILKEY, ed. and ROBERT L. KOSUT, ed. (Integrated
Systems, Inc., Palo Alto, CA) 11 Dec. 1987 92 p  Forum
held at Monterey, Calif., 20-21 Aug. 1987
(Contract F49620-86-K-0009; AF PROJ. 2302)
(AD-A194761; AFOSR-88-0477TR; UVA/525673/MAE88/102)
Avail: NTIS HC A05/MF A01 CSCL 22/5

This is the Proceedings of the Fifth AFOSR Forum on Space
Structures. The topics covered include modeling of spacecraft,
wave propagation in large space structures, multiflexible body



dynamic simulation, adaptive structures, electromechanical
actuators for controliing flexible structures, system identification of
suboptimal control parameters, integrated structural analysis and
control, active control of elastic wave motion in structural networks,
adaptive control of large space structures; analysis of performance
degradation, optimal projection equations for fixed-order dynamic
compensation, decentralized/relegated control for large space
structures, Frobenius-Hankel norm framework for disturbance
rejection and low order decentralized controller design, a method
for truss structure vibration control, and robust eigenstructure
assignment by a projection method.

N89-19334# Howard Univ., Washington, DC. Dept. of Mechanical
Engineering.
MODELING OF FLEXIBLE SPACECRAFT ACCOUNTING FOR
ORBITAL EFFECTS
PETER M. BAINUM /n Virginia Univ., Proceedings of the Fifth
AFOSR Forum on Space Structures p 3-8 11 Dec. 1987
Avail: NTIS HC A05/MF A01 CSCL 22/5

Many current investigations of the shape and orientation control
of proposed flexible orbiting large space structures (LSS) do not
incorporate the effects of the gravity-gradient and orbital dynamic
coupling into the plant models. This means that for the
corresponding linearized unforced, open-loop systems, the poles
of the rigid rotational modes are at the origin. The manner in
which the orbitally induced coupling effects, due to gravity-gradient
and gyroscopic effects, are introduced is clearly indicated in the
continuum formulation of Santini for predicting the motion of a
general orbiting flexible body in orbit. These coupling terms reflect
both coupling between the rigid and flexible motions and also
intra-modal coupling effects. Elastic deformations are considered
small as compared with characteristic body dimensions. Equations
are developed for both the rigid and elastic (generic) motions,
based on an a prior knowledge of the frequencies and shape
functions of all modes included within the truncated system model.
The orbitally induced coupling terms are seen to depend on volume
integrals whose integrands are functions of the various components
of the different modal shape functions together with the coordinates
of the differential mass elements. Author

N89-19335# Massachusetts Inst. of Tech., Cambridge. Dept. of
Mechanical Engineering.
WAVE PROPAGATION IN LARGE SPACE STRUCTURES
JAMES H. WILLIAMS, JR. and RAYMOND J. NAGEM /n Virginia
Univ., Proceedings of the Fifth AFOSR Forum on Space Structures
p 9-11 11 Dec. 1987
Avail: NTIS HC AO5/MF A01 CSCL 22/5

The first step in the mathematical analysis of any physical
system is the selection of a mathematical model to represent the
system. This selection is extremely important, since it not only
determines in advance the scope of possible results of the analysis,
but also heavily influences the design of auxiliary devices and
systems, such as control systems. In the dynamic analysis of
large space structures, mathematical models have consisted
primarily of a set of vibration modes. The popularity of the modal
vibration model of large space structures is due partly to the
well-developed analytical techniques which can be applied to such
a model, and partly to the success with which modal vibration
models have been used to describe structures on earth. However,
in view of the unprecedented size of large space structures and
their potential technological importance, it is worthwhile to examine
the limitations of modal vibration models and to consider the
usefulness of other models. A particular concern here is with
models which view large space structures as media in which wave
propagation provides an accurate dynamic description. Author

N89-19338# Jet Propulsion Lab., California Inst. of Tech.,
Pasadena. Applied Technologies Section.
CONCEPT OF ADAPTIVE STRUCTURES
MICHAIL ZAK /n Virginia Univ., Proceedings of the Fifth AFOSR
Forum on Space Structures p 23-24 11 Dec. 1987
Avail: NTIS HC A05/MF A01 CSCL 22/5

The concept of adaptive structures is brought up in connection
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with the need in ultra lightweight structural systems to maintain
desired properties and configurations without human intervention
when subjected to dynamic, thermal, and other environmental
forces. Examples are large antenna structures and flexible robotic
structures. In the both cases such adaptivity would allow less
massive structural members to be empioyed under normal loading
conditions. During special circumstances when unusually large
loads are encountered, temporary stiffening would allow the use
of less sturdy structures, resuiting in large savings in their cost,
and in increasing their mobility and efficiency. Within the framework
of a finite-dimensional representation of structural dynamics, the
adaptivity can be implemented by the dependence of the stiffness
matrix (k) upon the expected load (Q), or expected (programmed)
changes in configurations, i.e., (k) = (k(t)) where the dependence
upon time is programmed in advance. In order to sustain
unexpected loads the adaptive structure can be provided by
feedback force control, or by a parametrical stiffness control.
Author

N89-19339# State Univ. of New York, Buffalo. Dept. of
Mechanical and Aerospace Engineering.
COMMENTS ON ELECTROMECHANICAL ACTUATORS FOR
CONTROLLING FLEXIBLE STRUCTURES
D. J. INMAN, R. W. MAYNE, and D. C. ZIMMERMAN (Florida
Univ., Gainesville.) /n Virginia Univ., Proceedings of the Fifth
AFOSR Forum on Space Structures p 25-27 11 Dec. 1987
Avail: NTIS HC A05/MF A01  CSCL 22/5

Two types of specific electromechanical actuators are described
and discussed. A proof mass actuator and an electric motor are
examined in terms of the amount of damping each produces in a
specific structural contro! experiment. Theoretical and experimental
values of actuator produced damping are examined. The effects
of actuator dynamics on control law implementation are noted. In
addition, a theoretical parameter study of the dynamic response
of a dc motor controling a flexible model of a beam are
summarized. Author

N89-19341# Aerospace Corp., Los Angeles, CA.
INTEGRATED STRUCTURAL ANALYSIS AND CONTROL
(ISAAC): ISSUES AND PROGRESS
M. ASWANI, D. S. FLAMM, C. L. GUSTAFSON, A. B. JENKIN, J.
D. KAWAMOTO, and G. T. TSENG  /n Virginia Univ., Proceedings
of the Fifth AFOSR Forum on Space Structures p 43-47 1
Dec. 1987
Avail: NTIS HC A0O5/MF A01 CSCL 22/5

The ISAAC program at the Aerospace Corporation has been
pursuing issues which arise in the simultaneous design of structures
and control systems for large space structures using a mathematical
programming code. There are many practical advantages to such
integrated design, such as tuning the structure to directly improve
the closed loop performance measure. Here, the focus is on key
elements in the work, and in particular those elements which
distinguish our emphasis from that of other workers in the field.
There is obviously more to gain by simultaneously tuning structural
and controller designs. Closed loop performance criteria which
directly measure desired characteristics are available. The big
issues are parametrization of controller and structure, and
computational techniques for evaluation of criteria, constraints, and
their derivatives. Author

N89-19349*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA,
ROBUST EIGENSTRUCTURE ASSIGNMENT BY A
PROJECTION METHOD: APPLICATION USING MULTIPLE
OPTIMIZATION CRITERIA
J. L. JUNKINS, D. W. REW, and J. N. JUANG /n Virginia Univ.,
Proceedings of the Fifth AFOSR Forum on Space Structures p
85-88 11 Dec. 1987 Sponsored by NASA
Avail: NTIS HC AO5/MF A01 CSCL 22/5

New ideas which lead to feedback control laws for large fiexible
structures which are insensitive to model uncertainty are presented.
A pole placement method is presented which leads to near-unitary
closed loop eigenvectors, and a new method is introduced to

33



03 STRUCTURAL CONCEPTS

design the control while simuitaneously considering three
competing measures of optimality. Robustness versus Integral
algorithms are applicable to at least moderately high-dimensioned
systems. In the present discussion, controls for two coupled flexibie
bodies are considered. A 6x24 gain matrix is designed to control
a 12 modes system using 6 actuators. Researchers also developed
control laws for the R2P2 simulator at Martin Marietta; in this
case 3 actuators are used to control a 12th order system. Simulation
studies indicate that researchers indeed achieved robust designs
without significant difficulties associated with spillover into the
uncontrolled modes. Here, several key ideas and numerical results
are given. In the references, details of the formulation, discussions
of salient features, and connection to the availiable literature are
given. Author

N89-19350
Blacksburg.
DAMAGE DETECTION AND LOCATION IN LARGE SPACE
TRUSSES Ph.D. Thesis
SUZANNE WEAVER SMITH 1988 139 p
Avail: Univ. Microfiim Order No. DA8817424

Researchers pursuing the goal to design and construct a large
orbiting space structure are directing considerable effort toward
many issues, including the ability to maneuver a flexible structure.
In particular, basic research is underway into the technologies of
control system design and structural modeling to support this effort.
The thesis of this research is that structural damage can be
detected and located with the control system of a large space
structure. A concept for damage location was devsioped and
demonstrated in simulated tests. The control system tests the
structure and measures the response. The measurement are then
used in a system identification algorithm to produce a model of
the damaged structure. The model is compared to one for the
undamaged structure to find regions of reduced stiffness which
indicate the location of damage. Simulation studies were performed
on two truss models. The members of both and the design of the
second were borrowed form the concept design for the Space
Station. Exact and inexact data simulated tests with the two
structures indicated that damage can be located with this
approach. Dissert. Abstr.

Virginia Polytechnic Inst. and State Univ,

N89-19357# Harris Corp., Melbourne, FL. Government Aerospace
Systems Div.
EXPERIMENTAL VERIFICATION OF AN INNOVATIVE
PERFORMANCE-VALIDATION METHODOLOGY FOR LARGE
SPACE SYSTEMS Annual Report, Aug. 1987 - Aug. 1988
DAVID C. HYLAND Sep. 1988 53 p
(Contract F49620-87-C-0108)
(AD-A202243; AFOSR-88-1192TR) Avail: NTIS HC A04/MF AO1
CSCL 22/2

A technology gap exists in verifying performance of large space
systems. To fill that gap the proposed program seeks to develop
and validate an efficient pre-flight performance verification
methodology. The approach involves selective component testing
along with analysis of subsystem interactions. The method exploits
MEOP (Maximum Entropy/Optimal Projection) Control-System
Design and Majorant Robustness Analysis. The approach will be
formulated for several representative large space systems and
experimentally verified on a 3-meter diameter multi-hex panel
ground-based active controls testbed. GRA

N89-19358# Harris Corp., Melbourne, FL. Government Aerospace
Systems Div.
MAXIMUM ENTROPY/OPTIMAL PROJECTION DESIGN
SYNTHESIS FOR DECENTRALIZED CONTROL OF LARGE
SPACE STRUCTURES Final Report, Oct. 1986 - May 1988
DAVID C. HYLAND, DENNIS S. BERNSTEIN, and EMMANUEL
G. COLLINS, JR. May 1988 281 p
{Contract F49620-86-C-0038)
(AD-A202375; AFOSR-88-1203TR) Avail: NTIS HC A13/MF AO1
CSCL 22/2

The Maximum Entropy/Optimal Projection (MEOP) Methodology
is a novel approach to designing implementable vibration-
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suppression controllers for large space systems. Two issues,
in particular, have been addressed, namely, controller order
(i.e., complexity) and system robustness (i.e., sensitivity to plant
variations). Extensions developed herein include generalizations
to decentralized controller architectures and a new robustness
analysis technique known as Majorant Robustness Analysis. This
final report also encompasses extensions to hierarchical control
as well as the development of numerical algorithms for solving
the control design equations. GRA

N89-19362#  Deutsche Forschungs- und Versuchsanstait fuer
Luft- und Raumfahrt, Oberpfaffenhofen (West Germany). Space
Flight Dynamics Section.
INVESTIGATION OF FLIGHT SENSORS AND ACTUATORS
FOR THE VIBRATION DAMPING AUGMENTATION OF LARGE
FLEXIBLE SPACE STRUCTURES Final Report
TH. LANGE, comp. Paris, France ESA May 1988 237 p
(Contract ESTEC-6902/86-NL-MAC(SC))
(ESA-CR(P)-2670; ETN-89-93926) Avail: NTIS HC A11/MF A01
Sensor and actuator hardware was analyzed with respect to
a two-dimensional generic structural modsl representing a material
processing platform on a large space structure. Two devices based
on inertial control for vibration damping are presented. The Rotating
Resonance InTegrating Accelerometer (RITA) is based upon a
rotating pendulum to be applied for inertial acceleration
measurement without any bias or stiction effect associated with
ordinary servoed proof-mass accelerometers. The RITA features
the suspension of the rotating proof-mass by a spring assembly
tuned in resonance with the rotor spin frequency. Thus high
measurement sensitivity and a high axial stiffness can be realized.
The Linear Stepper Motor Actuator (LISA) is proposed as an
alternative with respect to the pivoted proof-mass actuators. In
LISA the proof-mass incorporates the motor coils, which are
attached to a lightweight carriage by a spring/damper assembiy.
Thus high stepping rates with low switching times can be realized
with relatively low motor power. This kind of proof-mass suspension
damps out the high frequency noise level to a large extent.
Semiactive hydraulic control methods utilizing the energy dissipation
property of viscous fluids flowing through special surface treated
pipes to increase the frictional effect are also presented. Due to
the high weight penalty they are not suitable for structures
represented by the box truss model but could be applied for
structures extending over several hundred meters. This is due to
the expected high damping forces requiring a smaller number of
actuators and reducing the relative weight penalty. ESA
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Includes descriptions of analytical techniques, passive and active
thermal control techniques, external and internal thermal
experiments and analyses and trade studies of thermal
requirements.

AB89-11418
IMPORTANCE OF HEAT TRANSFER IN LI/MOS2 BATTERIES
FOR AEROSPACE APPLICATIONS
C. J. JOHNSON (Boeing Aerospace Co., Seattle, WA) IN:
Symposium on Primary and Secondary Ambient Temperature
Lithium Batteries, Honolulu, HI, Oct. 18-23, 1987, Proceedings.
Pennington, NJ, Electrochemical Society, Inc., 1988, p. 458-463.
Heat transfer measurements of Li/MoS2 batteries revealed that
heat was absorbed when charging between 25-75 percent state
of charge. This range of charge correlates with test data for
charge/discharge cycling found to optimize cycle life. For space
applications, the beneficial aspect of cooling on charging would
allow a lighter weight total power subsystem. Heat generation during
discharge was found to be comparable to that of other space
batteries. Author



AB9-15190" National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, OH.
THE DESIGN AND FABRICATION OF A STIRLING ENGINE
HEAT EXCHANGER MODULE WITH AN INTEGRAL HEAT PIPE
JEFFREY G. SCHREIBER (NASA, Lewis Research Center,
Cleveland, OH) IN: 1988 IECEC; Proceedings of the Twenty-third
Intersociety Energy Conversion Engineering Conference, Denver,
CO, July 31-Aug. 5, 1988. Volume 1. New York, American Society
of Mechanical Engineers, 1988, p. 133-140. Previously announced
in STAR as N88-26732. refs

The conceptual design of a free-piston Stirling Space Engine
(SSE) intended for space power applications has been generated.
The engine was designed to produce 25 kW of electric power
with heat supplied by a nuclear reactor. A novel heat exchanger
module was designed to reduce the number of critical joints in
the heat exchanger assembly while also incorporating a heat pipe
as the link between the engine and the heat source. Two
inexpensive verification tests are proposed. The SSE heat
exchanger module is described and the operating conditions for
the module are outlined. The design process of the heat exchanger
modules, including the sodium heat pipe, is briefly described.
Similarities between the proposed SSE heat exchanger modules
and the LeRC test modules for two test engines are presented.
The benefits and weaknesses of using a sodium heat pipe to
transport heat to a Stirling engine are discussed. Similarly, the
problems encountered when using a true heat pipe, as opposed
to a more simple reflux boiter, are described. The instruments
incorporated into the modules and the test program are also
outlined. Author

A89-15207

HIGH POWER INFLATABLE RADIATOR FOR THERMAL
REJECTION FROM SPACE POWER SYSTEMS

D. CHITTENDEN, G. GROSSMAN, E. ROSSEL, P. VAN ETTEN,
and G. WILLIAMS (L'Garde, Inc., Tustin, CA) IN: 1988 IECEC,
Proceedings of the Twenty-third Intersociety Energy Conversion
Engineering Conference, Denver, CO, July 31 -Aug. 5, 1988. Volume
1. New York, American Society of Mechanical Engineers, 1988, p.
353-358. refs

(Contract F33615-87-C-2752)

The present study has investigated a novel concept of an
inflatable radiator which captures burst heat from space-based
defense systems during its short generation period and radiates it
to space later over a longer period. During the operation phase,
the radiator is extended out of the spacecraft and filled with steam
generated by the waste heat. As the spacecraft continues orbiting
the earth, the steam is condensed gradually. The radiator is
retracted during condensation so as to maintain a constant
saturation pressure, and is folded neatly into the spacecraft, ready
for the next mission. A preliminary design of the inflatable radiator
has been performed during which various aspects of its operation
were studied. The paper discusses the results of these studies
including the choice and evaluation of candidate materials, design
of the bag with the retraction, folding and drive mechanisms, the
thermal, dynamic stability and survivability analyses. Author

AB9-15208" National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, OH.
MOVING BELT RADIATOR TECHNOLOGY ISSUES
K. ALAN WHITE, Ht (NASA, Lewis Research Center, Cleveland,
OH) IN: 1988 IECEC; Proceedings of the Twenty-third Intersociety
Energy Conversion Engineering Conference, Denver, CO, July
31-Aug. 5, 1988. Volume 1. New York, American Society of
Mechanica! Engineers, 1988, p. 365-371. Previously announced in
STAR as N88-25477. refs

Development of the Moving Belt Radiator (MBR) as an
advanced space radiator concept is discussed. The relative merits
of Solid Belt (SBR) Liquid Beit (LBR), and Hybrid Belt (HBR)
Radiators are described. Analytical and experimental efforts related
to the dynamics of a rotating belt in microgravity are reviewed.
The development of methods for transferring heat to the moving
belt is discussed, and the results from several experimental
investigations are summarized. Limited efforts related to the belt
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deployment and stowage, and to fabrication of a hybrid beit, are
also discussed. Life limiting factors such as seal wear and
micrometeroid resistance are identified. The results from various
MBR point design studies for several power levels are compared
with advanced Heat Pipe Radiator technology. MBR designs are
shown to compare favorable at both 300 and 1000 K temperature
levels. However, additional effort will be required to resolve critical
technology issues and to demonstrate the advantage of MBR
systems. Author

A89-15209* Los Alamos National Lab., NM.

TRANSIENT PERFORMANCE EVALUATION OF AN
INTEGRATED HEAT PIPE-THERMAL STORAGE SYSTEM

E. KEDDY, J. T. SENA, M. MERRIGAN (Los Alamos National
Laboratory, NM), GARY HEIDENREICH (Sundstrand Corp.,
Rockford, IL), and STEVE JOHNSON (NASA, Lewis Research
Center, Cleveland, OH) IN: 1988 |ECEC; Proceedings of the
Twenty-third  Intersociety Energy Conversion Engineering
Conference, Denver, CO, July 31-Aug. 5, 1988. Volume 1. New
York, American Society of Mechanical Engineers, 1988, p.
373-378.

Transient performance tests of an integrated heat pipe-thermal
storage system have been conducted. This system was developed
as a part of an Organic Rankine Cycle-Solar Dynamic Power System
receiver for future power systems. The integrated system consists
of potassium heat pipe elements that incorporate thermal energy
storage canisters within the vapor space and an organic fluid
(toluene) heater tube used as the condenser region of the heat
pipe. The transient performance tests determined the operating
characteristics and power input limits of the integrated heat
pipe-thermal storage unit under conditions corresponding to
re-acquisition of the sun during emergence from eclipse conditions
and 1o the initial start-up of the solar dynamic power system. The
tests demonstrated that the heat pipe-thermal storage element is
not limited under conditions corresponding to emergence from
eclipse during normal orbital operations and the heat pipe will
successfully start-up from the frozen condition with full input power
at the onset. Details of the test procedures and results of the
tests are presented in this paper. Author

A89-15210

HEAT PUMP AUGMENTED RADIATOR FOR
LOW-TEMPERATURE SPACE APPLICATIONS

M. OLSZEWSKI (Oak Ridge National Laboratory, TN) and U.
ROCKENFELLER (Rocky Research Corp., Boulder City, NV) iN:
1988 |ECEC; Proceedings of the Twenty-third Intersociety Energy
Conversion Engineering Conference, Denver, CO, July 31-Aug. 5,
1988. Volume 1. New York, American Society of Mechanical
Engineers, 1988, p. 379-383. USAF-supported research. refs
(Contract DE-AC05-840R-21400)

Closed-cycle, space-based heat rejection systems depend
solely on radiation to achieve their heat dissipation function. Since
the payload heat rejection temperature is typically 50 K above
that of the radiation sink in near earth orbit, the size and mass of
these systems can be appreciable. Size (and potentially mass)
reductions are achievable by increasing the rejection temperature
via a heat pump. Two heat pump concepts were examined to
determine if radiator area reductions could be realized without
increasing the mass of the heat rejection system. The first was a
conventional, electrically-driven vapor compression system. The
second is an innovative concept using a solid-vapor adsorption
system driven by reject heat from the prime power system. The
mass and radiator area of the heat pump radiator systems were
compared to that of a radiator only system to determine the merit
of the heat pump concepts. Results for the compressor system
indicated that the mass minimum occurred at a temperature lift of
about 50 K and radiator area reductions of 35 percent were realized.
With a radiator specific mass of 10 kgm, the heat pump system is
15 percent higher than the radiator only baseline system.  Author
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AB9-25064"#  National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.

THE SPACE STATION ACTIVE THERMAL CONTROL
TECHNICAL CHALLENGE

W. E. ELLIS (NASA, Johnson Space Center, Houston, TX) AIAA,
Aerospace Sciences Meeting, 27th, Reno, NV, Jan. 9-12, 1989.
13 p. refs

(AIAA PAPER 89-0073)

The overall conceptual design premise of the two major
subsystems that make up the Space Station active thermal control
system is discussed. Specifically, the thermal loop required to
gather and coliect the waste heat from the various systems,
modules, and payloads of the Space Station and the large radiators
necessary to dissipate the waste heat to space are described.
The basic design concepts to be incorporated in the Space Station
are described, and the ground and flight tests conducted to date
to prove the feasibility of the design approaches are summarized.
Future Space Shuttle flight tests planned to further verify the
designs are outlined. Author

AB9-25068#

HEAT-PUMP-AUGMENTED RADIATOR FOR HIGH POWER
SPACECRAFT THERMAL CONTROL

B. L. DROLEN (Hughes Aircraft Co., Los Angeles, CA) AIAA,
Aerospace Sciences Meeting, 27th, Reno, NV, Jan. 9-12, 1989.
12 p. refs

(Contract F33615-85-C-2557)

(AIAA PAPER 89-0077)

A simple model of a heat-pump-augmented spacecraft is used
to study the effect of the heat pump on the overall mass and
total radiator area of spacecraft smploying one of four different
power sources capable of generating 10-100 kW of electrical power.
It is demonstrated that significant radiator area and system mass
saving can be achieved with heat pumps having a specific mass
of about 10 kg/kW(cooled) or lower. Heat pumps using waste
heat generated by the power source provide greater mass savings
than those that use the generated electrical energy. R.R.

AB9-25271"# NASA Space Station Program Office, Reston, VA.
AN INTEGRATED MODEL OF THE SPACE STATION
FREEDOM ACTIVE THERMAL CONTROL SYSTEM

JOHN J. TANDLER (Grumman Corp., Grumman Space Station
Freedom Program Support Div., Reston, VA) and VINCENT J.
BILARDO, JR. (NASA, Space Station Freedom Program Office,
Reston, VA)  AIAA, Aerospace Sciences Meeting, 27th, Reno,
NV, Jan. 8-12, 1989. 12 p. refs

(AIAA PAPER 89-0319)

A flexible, generic model of the Space Station Freedom active
thermal control system has been developed which is designed to
analyze dynamic interactions of the major subsystems of the ATCS.
Models are described for the components of the central thermal
bus, the radiator external thermal environment, and the internal
thermal control system. Two programs are described which facilitate
the development of the integrated ATCS model. The first, SIMRAD,
simplifies an external thermal environment model given a desired
level of accuracy in integrated model performance. The model
reduction technique is shown to reduce model execution time
significantly while maintaining the desired accuracy. The second,
GENFLU, generates SINDA/FLUINT input code for the evaporator
and load interface models and automates the integration of load
submodels. The component submodels and integration techniques
were used to create an integrated model of the thermal controf
system for an early assembly flight configuration. The resuits
demonstrate the utility of the integrated model in studying dynamic
interactions of the ATCS subsystems. Author

A89-27824

IMPROVEMENTS IN PASSIVE THERMAL CONTROL FOR
SPACECRAFT

A. M. WHALLEY (Pilkington PE, Ltd, Space Technology,
Bodelwyddan, Wales) SAE, Intersociety Conference on
Environmental Systems, 18th, San Francisco, CA, July 11-13, 1988.
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7p.
(SAE PAPER 881022)

This paper presents test results and suggestions for
improvement as part of an overall optimization program for passive
thermal control Optical Solar Reflectors (OSRs). The OSR acts
as a thermal control device for satellites by reflecting incident
solar radiation while simultaneously radiating internally generated
heat harmlessly into the surrounding environment. Options for the
enhancement of OSR thermal properties, through the use of
thermal control coatings, by either a reduction in the overall solar
absorptance or an increase in the IR emittance are discussed. A
process of strength enhancement of the OSRs by immersion in
an acid solution is also examined. The author concludes by
suggesting a reexamination of protective coatings already used
on the existing product. S.AV.

A89-27863" Grumman Aerospace Corp., Bethpage, NY.
PROTOTYPE SPACE ERECTABLE RADIATOR SYSTEM
GROUND TEST ARTICLE DEVELOPMENT

JOSEPH P. ALARIO (Grumman Corp., Space Systems Div.,
Bethpage, NY) SAE, Intersociety Conterence on Environmental
Systems, 18th, San Francisco, CA, July 11-13, 1988, 12 p. refs
(Contract NAS9-17498)

(SAE PAPER 881066)

A prototype heat rejecting system is being developed by
NASA-JSC for possible space station applications. This modular
system, the Space-Erectable Radiator System Ground Test Article
(SERS-GTA) with high-capacity radiator panels, can be installed
and replaced on-orbit. The design, fabrication and testing of a
representative ground test article are discussed. Acceptance test
data for the heat pipe radiator panel and the whiffletree clamping
mechanism have been presented. AAF.

A89-27864* National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.
LONG-LIFE/DURABLE RADIATOR COATINGS FOR SPACE
STATION

STEVE JACOBS (NASA, Johnson Space Center, Houston, TX)
and DONALD R. DUFFY (Acurex Corp., Mountain View, CA) SAE,
Intersociety Conference on Environmental Systems, 18th, San
Francisco, CA, July 11-13, 1988. 11 p.

(SAE PAPER 881067)

The anodic coatings developed by anodizing specific aluminum
alloys show considerable promise as long-life/durable radiator
coatings. These coatings, formed by the sulfuric acid anodizing
process, were the best performers of a variety of candidate coatings
subjected to ultraviolet radiation and temperature-cycling tests.

Author

AB89-27865* National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.

SPACE STATION THERMAL TEST BED STATUS AND PLANS
TIMOTHY K. BRADY (NASA, Johnson Space Center, Houston,
TX)  SAE, Intersociety Conference on Environmental Systems,
18th, San Francisco, CA, July 11-13, 1988. 16 p. refs

(SAE PAPER 881068)

The accomplishments, current status, and future plans of the
thermal test bed program for Space Station thermal management
are discussed. This program is intended to support the design
and development of the thermal control systems for the Space
Station. The topics discussed include heat pipe radiator evaluation,
modular panel tests, two-phase heat transport, and testing of
thermal buses using ammonia as the working fiuid. AAF.

AB9-27866" NASA Space Station Program Office, Reston, VA.
SPACE STATION THERMAL CONTROL DURING ON-ORBIT
ASSEMBLY

VINCENT J. BILARDO, JR. (NASA, Space Station Freedom
Program Office, Reston, VA) and ALBERT W. CARLSON (Grumman
Corp., Space Station Program Support Div., Reston, VA)  SAE,
Intersociety Conference on Environmental Systems, 18th, San
Francisco, CA, July 11-13, 1988. 17 p. refs

(SAE PAPER 881070)



This paper summarizes the Space Station program requirements
for the Thermal Control System (TCS), and outlines the capabilities
of the TCS for each assembly configuration. The TCS architecture
for the completed assembly configuration is described, consisting
of an active TCS (ATCS) and a passive TCS (PTCS). The four
ATCS subsystems are described, including the two-phase ammonia
central ATCS, photovoltaic power module, attached payload
accommodation equipment and the single-phase water internal
ATCS. Author

A89-27880* Sundstrand Corp., Rockford, IL.

REDUCED GRAVITY AND GROUND TESTING OF A
TWO-PHASE THERMAL MANAGEMENT SYSTEM FOR LARGE
SPACECRAFT

D. G. HILL, K. HSU (Sundstrand Corp., Rockford, IL), R. PARISH,
and J. DOMINICK (NASA, Johnson Space Center, Houston, TX)
SAE, Intersociety Conference on Environmental Systems, 18th,
San Francisco, CA, July 11-13, 1988. 14 p. refs

(Contract NAS9-17195)

(SAE PAPER 881084)

Experiments were performed aboard the NASA-JSC KC-135
aircraft to study the effect of reduced gravity on two-phase
(liquid/vapor) flow and condensation. A prototype two-phase
thermal management system for a large spacecraft was tested.
Both visual observation and photography of the flow regimes were
made. Ground test simulations of the KC-135 flight tests were
conducted for comparison purposes. Two-phase pressure drops
were predictable by the Heat Transfer Research Institute (HTRI)
method, or the Friede! correlation. AAF.

A89-27881

FLOSIN - A FLUID LOOP ANALYZER FOR SINDA

STEVEN M. LUNDE (Boeing Aerospace, Seattle, WA) SAE,
intersociety Conference on Environmental Systems, 18th, San
Francisco, CA, July 11-13, 1988. 13 p.

(SAE PAPER 881085)

By interfacing the computer code FLOSIN (a stand-alone
program for adiabatic fluid loop analysis) with SINDA (Systems
Improved Numerical Differencing Analyzer), a combined
thermal/fluid analysis of fluid loops can be performed. FLOSIN is
essentially a library of subroutines accessed by the user. System
temperatures and pressures on existing thermal bus can be
predicted. A prototype two-phase thermal bus using ammonia as
the working fluid has been developed for potential Space Station
applications. AAF.

AB89-27882

DESIGN OF A TWO-PHASE CAPILLARY PUMPED FLIGHT
EXPERIMENT

D. R. CHALMERS, J. FREDLEY (General Electric Co., Astro-Space
Div., Princeton, NJ), J. KU, and E. J. KROLICZEK (OAO Corp.,
Greenbelt, MD)  SAE, Intersociety Conference on Environmental
Systems, 18th, San Francisco, CA, July 11-13, 1988. 14 p.

(SAE PAPER 881086)

A two-phase capillary pumped” system loop (CPL) flight
experiment was performed to demonstrate the capability of a
capillary pumped system to absorb, transport, control, and reject
heat in Space Station application simutation. This experiment was
to provide sufficient data for characterization of the CPL system’s
performance under microgravity and normal environments. The
details of the design, analysis, fabrication and test plan of the
experiment program are presented. Ground testing verified the
predicted heat transport performance. AAF.

AB9-27883
MATERIAL COMPATIBILITY PROBLEMS FOR AMMONIA
SYSTEMS
ELISABETH M. W. PINCHA, BARBARA L. HEIZER, and MICHAEL
P. MCHALE (Boeing, Aerospace, Seattle, WA)  SAE, Intersociety
Conference on Environmental Systems, 18th, San Francisco, CA,
July 11-13, 1988. 8 p.
(SAE PAPER 881087)

Thermal management systems are currently being developed
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for application on large orbiting platforms, specifically the Space
Station. Based upon its thermodynamic properties, ammonia was
selected as a working fluid suitable to handle the power and heat
rejection requirements of these systems. The Space Station’s
30-year design life, minimum maintenance requirement, maximum
reliability, and ammonia working fiuid have led to new material
compatibility issues. Although ammonia is a well understood fluid
for ground-based refrigeration uses, it produced some unexpected
results when applied to space-based heat transport systems.
Author

AB89-27898

SOLID/VAPOR ADSORPTION HEAT PUMPS FOR SPACE
APPLICATION

SAM V. SHELTON, WILLIAM J. WEPFER, and J. SCOTT PATTON
(Georgia Institute of Technology, Atlanta) SAE, Intersociety
Conference on Environmental Systems, 18th, San Francisco, CA,
July 11-13, 1988. 10 p. refs

(SAE PAPER 881107)

A solid/vapor heat pump with its variable temperature and load
capabilities is ideal for the thermal and environmental control of
space systems. Merits include utilization of safe refrigerants,
minimal electric power requirements, and simplicity of components.
Heat rejection and cooling is possible over a range of temperatures,
and the selection of various refrigerant/absorption pairs enables
designs for various applications. This system is being considered
for use in the extravehicular mobility units of spacecrews both for
maintenance of comfort and waste heat dissipation. A residential
testing has proved the feasibility of the solid/vapor concept.

AAF.

A89-27900

TWO-PHASE AMMONIA THERMAL BUS TESTBED -
EXPERIMENTAL RESULTS

M. P. MCHALE, S. D. GOO, J. E. COLEMAN, and G. L.
FRANKFURT (Boeing Aerospace, Seattie, WA) SAE, Intersociety
Conference on Environmental Systems, 18th, San Francisco, CA,
July 11-13, 1988. 8 p.

(SAE PAPER 881109)

Future large spacecraft, such as the Space Station, will have
high power dissipations and long heat transport distances. The
combination of these two requirements dictates the need for a
new heat transport technology. An ammonia thermal bus (ATB)
concept has been developed using two-phase ammonia as the
working fluid. Instrumentation and control systems were used to
verify system performance, protect personnel and equipment, and
run the system. The ATB was robust; thus operating procedures
were simple and fault tolerant. Test results demonstrated a
maximum heat load of 22 kW, a controllable turndown ratio of
44:1, and the ability to control setpoint temperatures within the
range of 30 to 90 F. This paper describes the ammonia thermal
bus (ATB), test instrumentation and control, procedures for
operating the ATB, and test results. Author

AB89-29218#

PROBLEMS OF THERMAL PROTECTION IN SPACE
APPLICATIONS [PROBLEMES DE PROTECTION THERMIQUE
DANS LES APPLICATIONS SPATIALES]

J. F. STOHR (ONERA, Chatillon-sous-Bagneux, France) (Societe
Francaise des Thermiciens, Journee d’Etudes, Paris, France, Apr.
20, 1988) ONERA, TP, no. 1988-36, 1988, 10 p. In French.
(ONERA, TP NO. 1988-36)

Following a review of the flux and temperature conditions
encountered by the Hermes vehicle upon reentry, means of thermal
protection are discussed. Problems posed by the use of the
ceramic-ceramic composites required for thermal protection are
considered, with special attention given to the deformation mode
and high-temperature oxidation behavior of these materials.
Problems related to the thermal protection of the cryogenic tanks
are also reviewed. R.R
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N89-11146# Oak Ridge National Lab., TN.
AN OVERVIEW OF THE STIRLING ENGINE HEAT PUMP
PROGRAM
F.C.CHEN 1988 11 p Presented at the 2nd DOE/ORNL
Heat Pump Conference: Research and Development on the Heat
Pump for Space Conditioning Applications, Washington, D.C., 17
Apr. 1988
(Contract DE-AC05-840R-21400)
(DE88-013833; CONF-8804100-21) Avail: NTIS HC A03

The paper summarizes the recent developments in the Stirling
engine-driven heat pump program activities sponsored by the
Department of Energy (DOE) through Oak Ridge National
Laboratory (ORNL). This technology has displayed its ability to
meet the thermal performance objectives. Enhanced technology
options guided by value engineering principles are being pursued
toward the development of an economically viable househoid
engine-driven heat pump. DOE

N89-12602*# Analytic Sciences Corp., Washington, DC.
THERMAL/STRUCTURAL DESIGN VERIFICATION
STRATEGIES FOR LARGE SPACE STRUCTURES
DAVID BENTON /n NASA, Goddard Space Flight Center, 15th
Space Simulation Conference: Support the Highway to Space
Through Testing p 241-262 1988
Avail: NTIS HC A21/MF A01 CSCL 22/2

Requirements for space structures of increasing size,
complexity, and precision have engendered a search for thermal
design verification methods that do not impose unreasonabie costs,
that fit within the capabilities of existing facilities, and that still
adequately reduce technical risk. This requires a combination of
analytical and testing methods. This requires two approaches. The
first is to limit thermal testing to sub-elements of the total system
only in a compact configuration (i.e., not fully deployed). The second
approach is to use a simplified environment to correlate analytical
modeis with test results. These models can then be used to predict
flight performance. In practice, a combination of these approaches
is needed to verify the thermal/structural design of future very
large space systems. Author
N89-12603" # Aeritalia S.p.A., Turin (italy). Space Systems
Group.
IRIS THERMAL BALANCE TEST WITHIN ESTEC LSS
PIERO MESSIDORO, MARINO BALLESIO, and J. P. VESSAZ
(European Space Agency. European Space Research and
Technology Center, ESTEC, Noordwijk, Netherlands ) /n NASA,
Goddard Space Flight Center, 15th Space Simulation Conference:
Support the Highway to Space Through Testing p 253-267
1988
Avail: NTIS HC A21/MF A01 CSCL 14/2

The ltalian Research interim Stage (IRIS) thermal balance test
was successfully performed in the ESTEC Large Space Simulator
(LSS) to qualify the thermal design and to validate the thermal
mathematical model. Characteristics of the test were the complexity
of the set-up required to simulate the Shuttle cargo bay and allowing
IRIS mechanism actioning and operation for the first time in the
new LSS facility. Details of the test are presented, and test results
for IRIS and the LSS facility are described. Author

N89-12613"# Selenia Spazio S.p.A., Rome (ltaly).
THE SOLAR SIMULATION TEST OF THE ITALSAT THERMAL
STRUCTURAL MODEL Abstract Only
M. GIOMMI, S. LIVERANI, and G. P. SANTIN /n NASA, Goddard
Space Flight Center, 15th Space Simulation Conference: Support
the Highway to Space Through Testing p 395-396 1988
Avail: NTIS HC A21/MF A0t CSCL 22/2

The ITALSAT structural/thermal model (STM) was submitted
to a solar simulation test in order to verify the spacecraft thermal
design and the thermal mathematical model which wili be used to
predict the on orbit temperatures. The STM was representative of
the fiight model in terms of configuration, structures, appendages
and thermal hardware; dissipating dummy units were used to
simulate the electronic units. The test consisted of the main phases:
on station (beginning of life), on station (end of life), and transfer
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orbit. Preliminary results indicate that the test performances were
satisfactory. The spacecraft measured temperatures were up to
15 degrees higher than the predicted ones. This imposes a careful
correlation analysis in order to have reliable fiight temperature
predictions. Author

N89-12617"# McDonnell-Douglas Corp., Huntington Beach, CA.
COMPARISON OF SULFURIC AND OXALIC ACID ANODIZING
FOR PREPARATION OF THERMAL CONTROL COATINGS FOR
SPACECRAFT
HUONG G. LE, JOHN M. WATCHER, and CHARLES A. SMITH
/n NASA, Goddard Space Flight Center, 15th Space Simulation
Conference: Support the Highway to Space Through Testing p
437-451 1988
Avail: NTIS HC A21/MF A0t CSCL 22/2

The development of thermal control surfaces, which maintain
stable solar absorptivity and infrared emissivity over long periods,
is challenging due to severe conditions in low-Earth orbit (LEO).
Some candidate coatings are second-surface silver-coated Teflon;
second-surface, silvered optical solar reflectors made of glass or
quartz; and anodized aluminum. Sulfuric acid anodized and oxalic
acid anodized aluminum was evaluated under simulated LEO
conditions. Oxalic acid anodizing shows promise of greater stability
in LEO over long missions, such as the 30 years planned for the
Space Station. However, sulfuric acid anodizing shows lower solar
absorptivity. Author

N89-12662# Ebasco Services, Inc., New York, NY.
A MULTIMEGAWATT SPACE POWER SOURCE RADIATOR
DESIGN
JACEK JEDRUCH 28 Jan. 1988 19 p Presented at the 5th
Symposium on Space Nuclear Power Systems, Albuquerque, N.
Mex., 11 Jan. 1988
(Contract DE-AC07-76ID-01570)
(DE88-015185; EGG-M-38487;, CONF-880122-17) Avail: NTIS
HC A03/MF A1

The muitimegawatt space power sources (MMSPS) proposed
for deployment in the late 1990s to meet mission burst power
requirements, require an increase by four orders of magnitude in
the power rating of equipment currently used in space. Prenger
and Sullivan (1982) describe various radiator concepts proposed
for such applications. They range from the innovative liquid droplet
radiator (Mattick and Hertzberg 1981) to the more conventional
heat pipe concept (Girrens 1982). The present paper deals with
the design of the radiator for one such system, characterized by
both high temperature and high pressure. it provides an estimate
of the size, mass, and problems of orbiting such a radiator, based
on the assumption that the next generation of heavy launch vehicle
with 120-tonne carrying capacity, and 4000-cu m cargo volume,
will be available for putting hardware into orbit. DOE

N89-13731*# Grumman Aerospace Corp., Bethpage, NY. Space
Systems Div.
SOLAR DYNAMIC HEAT REJECTION TECHNOLOGY. TASK 1:
SYSTEM CONCEPT DEVELOPMENT Final Report
ERIC GUSTAFSON and ALBERT W. CARLSON  Jun. 1987
120 p
(Contract NAS3-24665)
(NASA-CR-179618; NAS 1.26:179618)  Avail: NTIS HC A08/ME
A01  CSCL 20/4

The results are presented of a concept development study of
heat rejection systems for Space Station solar dynamic power
systems. The heat rejection concepts are based on recent
developments in high thermal transport capacity heat pipe radiators.
The thermal performance and weights of each of the heat rejection
subsystems is addressed in detail, and critical technologies which
require development tests and evaluation for successful
demonstration are assessed and identified. Baseline and several
alternate heat rejection system configurations and optimum designs
are developed for both Brayton and Rankine cycles. The thermal
performance, mass properties, assembly requirements, reliability,
maintenance requirements and life cycle cost are determined for
each configuration. A specific design was then selected for each



configuration which represents an optimum design for that
configuration. The final recommendations of heat rejection system
configuration for either the Brayton or Rankine cycles depend on
the priorities established for the evaluation criteria. Author

N89-14069# Pacific Northwest Labs., Richland, WA.
ROTATING SOLID RADIATIVE COOLANT SYSTEM FOR
SPACE NUCLEAR REACTORS
W. J. APLEY and A. L. BABB May 1988 7 p Presented at
the 24th AIAA/ASME/SAE/ASEE Joint Propulsion Conference,
Boston, Mass., 11 Jul. 1988
{Contract DE-AC06-76RL-01830)
(DE88-016312; PNL-SA-15433; CONF-880764-4)  Avail: NTIS HC
A02/MF AO1

The RING power system described in this paper is proposed
as a primary or emergency heat rejection system for advanced
space reactor power applications. The system employs a set of
four (4) counter-rotating, 90 degree offset, coolant-carrying rings.
The rings (segmented, corrugated, finned, thin-walled pipes, filled
with liquid lithium) pass through a cavity heat exchanger and
reradiate the absorbed heat to the space environment. DOE

N§9-14392" National Aeronautics and Space Administration.
Marshall Space Flight Center, Huntsville, AL.
CAPILLARY HEAT TRANSPORT AND FLUID MANAGEMENT
DEVICE Patent
JAMES W. OWEN, inventor (to NASA) 13 Sep. 1988 9 p
Filed 30 Jun. 1987 Supersedes N87-29769 (25 - 24, p 3309)
(NASA-CASE-MFS-28217-1; US-PATENT-4,770,238;
US-PATENT-APPL-SN-067844; US-PATENT-CLASS-165-104.26;
US-PATENT-CLASS-165-104.14; US-PATENT-CLASS-122-366)
Avail: US Patent and Trademark Office CSCL 20/4

A passive heat transporting and fluid management apparatus
including a housing in the form of an extruded body member
having flat upper and lower surfaces is disclosed. A main liquid
channel and at least two vapor channels extend longitudinally
through the housing from a heat input end to a heat output end.
The vapor channels have sintered powdered metal fused about
the peripheries to form a porous capillary wick structure. A
substantial number of liquid arteries extend transversely through
the wicks adjacent the respective upper and lower surfaces of
the housing, the arteries extending through the wall of the housing
between the vapor channels and the main liquid channel and
open into the main liquid channel. Liquid from the main channel
enters the artery at the heat input end, wets the wick and is
vaporized. When the vapor is cooled at the heat output end, the
condensed vapor refills the wick and the liquid reenters the main
liquid channel.

Official Gazette of the U.S. Patent and Trademark Office

N89-15042*# Arizona Univ., Tucson.
EXPERIMENTAL CONSTRAINTS ON HEATING AND COOLING
RATES OF REFRACTORY INCLUSIONS IN THE EARLY
SOLAR SYSTEM Abstract Only
W. V. BOYNTON, DRAKE, HILDEBRAND, JONES, LEWIS,
TREIMAN, and WARK /o NASA, Lyndon B. Johnson Space
Center, Experiments in Planetary and Related Sciences and the
Space Station 1 p Nov. 1987
Avail: NTIS HC A09/MF A01 CSCL 03/2

The refractory inclusions in carbonaceous chondrites were the
subject of considerable interest since their discovery. These
inclusions contain minerals that are predicted to be some of the
earliest condensates from the soiar nebula, and contain a plethora
of isotopic anomalies of unknown origin. Of particular interest are
those coarse-grained inclusions that contain refractory metal
particles (Fe, Ni, Pt, Ry, Os Ir). Experimental studies of these
inclusions in terrestrial laboratories are, however, complicated
because the dense particles tend to settle out of a molten or
partially molten silicate material. Heating experiments in the Space
Station technology and microgravity in order to observe the effects
of metal nuggets (which may act as heterogeneous nucleation
sites) on nucleation rates in silicate systems and to measure
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simultaneously the relative volatilization rate of siderophile and
lithophile species. Neither experiment is possible in the terrestrial
environment. Author

N89-15456" # Washington Univ., Seattle. Aerospace and
Energetics Research Program.
BASIC AND APPLIED RESEARCH RELATED TO THE
TECHNOLOGY OF SPACE ENERGY CONVERSION SYSTEMS
Semiannual Report, 8 Feb. - 8 Aug. 1988
A. HERTZBERG, A. T. MATTICK, and A. P. BRUCKNER 1988
17 p
(Contract NAG1-327)
(NASA-CR-184644; NAS 1.26:184644) Avail: NTIS HC A03/MF
AO1 CSCL 10/1

The first six months’ research effort on the Liquid Droplet
Radiator (LDR) focussed on experimental and theoretical studies
of radiation by an LDR droplet cloud. Improvements in the
diagnostics for the radiation facility have been made which have
permitted an accurate experimental test of theoretical predictions
of LDR radiation over a wide range of optical depths, using a
cloud of Dow silicone oil droplets. In conjunction with these
measurements an analysis was made of the evolution of the
cylindrical droplet cloud generated by a 2300-hole orifice plate.
This analysis indicates that a considerable degree of agglomeration
of droplets occurs over the first meter of travel. Theoretical studies
have centered on developments of an efficient means of computing
the angular scattering distribution from droplets in an LDR droplet
cloud, so that a parameter study can be carried out for LDR
radiative performance vs fluid optical properties and cloud
geometry. Author

N89-17172# Von Karman Inst. for Fluid Dynamics,
Rhode-Saint-Genese (Belgium).
CAPILLARY PUMPING FOR A TWO PHASE HEAT
TRANSPORT SYSTEM
J.-M. BUCHLIN and P. D. TINARI /n its Modeling and Applications
of Transport Phenomena in Porous Media, Volume 2 45 p
1988
Avail: NTIS HC A12/MF AO1

It is suggested that capillary pumped heat transport loops could
successfully meet the established criteria for at least one of the
thermal control components in a man-tended, low Earth orbit,
microgravity environment. The design and physics of the capiltary
pump are introduced. Problem areas such as the condensing
radiator, startup/shutdown, noncondensable gas, and preflight
testing are identified. An analytical model of the thermal capillary
pumping loop is outlined. Experimental work on capillary pumping
is reviewed. ESA

N89-18523# Messerschmitt-Boelkow-Blohm G.m.b.H., Ottobrunn
{Germany, F.R.).
ADVANCED THERMAL DESIGN ASSESSMENT STUDY.
VOLUME 1: EXECUTIVE SUMMARY
C. GUENASSIA, comp., B. MIEDZA, comp., and R. ROHR, comp
Paris, France ESA 1988 21 p Prepared in cooperation with
Erno Raumfahrttechnik G.m.b.H., Bremen, Fed. Republic of
Germany, and MATRA Espace, Paris-Velizy, France
(Contract ESTEC-6519/85-NL-MA(SC))
(MBB-ATA-RP-ER-046-VOL-1; ESA-CR(P)-2660-VOL-1;
ETN-89-93921) Avail: NTIS HC A03/MF AOD1

Technical and economic advantages of active thermal control
of spacecraft were assessed. It is concluded that in designing a
spacecraft at lowest system cost, communication and scientific
satellites should be considered separately because of the potential
high savings in the repeater system of communications spacecraft
when constant temperatures can be guaranteed throughout all
mission phases. For other types of electronic equipment the savings
are considerably less. Savings in this area have to be compared
with increases in the thermal control subsystem and in some other
areas: differences in power demand and influence on the mass
budget by the thermal control subsystem, power subsystem, and
the consumables of the propulsion subsystem with impact on the
jaunch cost. The investigations show that systems with fluid or
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two-phase loops demand higher effort, but a concept with feedback
controlied variable conductance heat pipes employed on a
spacecraft leads to a system which is less expensive than existing
designs. A cost saving of 9 pct of the platform cost is evaluated
for a communications spacecraft compared with the basic passive
concept and 14 percent for a EURECA type spacecraft compared
with the fluid loop design. ESA

NB89-18524# Messerschmitt-Boelkow-Biohm G.m.b.H., Ottobrunn
(Germany, F.R.).
ADVANCED THERMAL DESIGN ASSESSMENT STUDY.
VOLUME 2: SYNTHESIS AND RECOMMENDATIONS Final
Report
C. GUENASSIA, comp., B. MIEDZA, comp., and R. ROHR, comp.
Paris, France ESA 1988 66 p Prepared in cooperation with
Erno Raumfahrttechnik G.m.b.H., Bremen, Fed. Republic of
Germany, and MATRA Espace, Paris-Velizy, France
(Contract ESTEC-6519/85-NL-MA(SC))
{(MBB-ATA-RP-ER-045-VOL-2; ESA-CR(P)-2660-VOL-2,
ETN-89-93922) Avail: NTIS HC A04/MF AO1

Technical and economic advantages of active thermal control
of spacecraft were assessed. It is concluded that in designing a
spacecraft at lowest system cost, communication and scientific
satellites should be considered separately because of the potential
high savings in the repeater system of communications spacecraft
when constant temperatures can be guaranteed throughout all
mission phases. For other types of electronic equipment the savings
are considerably less. Savings in this area have to be compared
with increases in the thermal control subsystem and in some other
areas: differences in power demand and influence on the mass
budget by the thermal control subsystem, power subsystem, and
the consumables of the propulsion subsystem with impact on the
launch cost. The investigations show that systems with fluid or
two-phase loops demand higher effort, but a concept with feedback
controlled variable conductance heat pipes employed on a
spacecraft leads to a system which is less expensive than existing
designs. A cost saving of 9 pct of the platform cost is evaluated
for a communications spacecraft compared with the basic passive
concept and 14 pct for a EURECA type spacecraft compared
with the fluid loop design. ESA

N89-19519# Naval Postgraduate School, Monterey, CA.
TRANSIENT THREE-DIMENSIONAL HEAT CONDUCTION
COMPUTATIONS USING BRIAN’S TECHNIQUE M.S. Thesis
JOHN A. WATSON Sep. 1988 208 p
(AD-A201918) Avail: NTIS HC A10/MF A01 CSCL 20/13

A transient three dimensional heat conduction code was
developed using finite differences. A stability restriction on the
time step was avoided using a technique proposed by Brian.
Computations from the code were validated using both the explicit
technique and an available closed from solution for smali times.
The maximum error was found to be within 0.019 percent for an
11 x 11 x 11 grid and time step of 17.117 seconds. The total
CPU time to carry out the computations up to 3,600 seconds
using Brian's techniques was six times that required for the explicit
technique with the same time step of 17.117 seconds. However,
as the time step was increased without altering the heometry, the
CPU time using Brian’s technique decreased and was less than
that used in the explicit technique for time steps larger than 110
seconds. The validated code was also used in the analysis of the
transient thermal response of a component on an orbiting
spacecraft. GRA

40

05

ENVIRONMENTAL CONTROL AND LIFE SUPPORT
SYSTEMS

Includes description of analytical techniques and models, trade
studies of technologies, subsystems, support strategies, and
experiments for internal and external environmental control and
protection, life support systems, human factors, life sciences and
safety.

A89-10452

SAFE ASSOCIATION, ANNUAL SYMPOSIUM, 25TH, LAS
VEGAS, NV, NOV. 16-19, 1987, PROCEEDINGS

Symposium sponsored by the SAFE Association. Newhall, CA,
SAFE Association, 1987, 289 p. For individual items see A89-10453
to A89-10483.

(AD-A199276)

The conference presents papers on the attrition of a molecular
sieve in on-board oxygen generating systems, Space Station
emergency egress and EVA lighting considerations and candidate
Koch hardware, performance criteria for the MSOGS, and an altered
control position for simulating fluid shifts during Shuttle launch.
Other topics include cognitive workload and symptoms of hypoxia,
development of an oxygen mask integrated arterial oxygen
saturation (Sa02) monitoring system for pilot protection in advanced
fighter aircraft, and eyeblink monitoring as a means of measuring
pilot. psychological state. Consideration is also given to a new
approach to head and neck support, the prediction of Hybrid 1
manikin head-neck kinematics and dynamics, pyrolaser and optical
initiator development, safety in man-machine interfaces, and a
passive thermal protection system. K.K.

A89-10504

REGENERATIVE CO2 FIXATION [REGENERATIVE
CO2-BINDUNG]

H. PREISS, H. FUNKE, and W. BREITLING (Dornier System GmbH,
Friedrichshafen, Federal Republic of Germany) IN: Yearbook
1987 |; DGLR, Annual Meeting, Berlin, Federal Republic of
Germany, Oct. 5-7, 1987, Reports. Bonn, Deutsche Gesellschaft
fuer Luft- und Raumfahrt, 1987, p. 129-134. In German.
BMFT-supported research.

(DGLR PAPER 87-116)

The current status of regenerative CO2-fixation systems being
developed with DFVLR and ESA support for long-term use on the
International Space Station is surveyed. The CO2-fixation
requirements for a crew of three are outlined; the criteria considered
in selecting an ion-exchange-resin solid amine system over cold
traps, liquid adsorbers, molecular sieves, and electrochemical cells
are indicated; and the results of adsorption, desorption, stability,
and cyclic operation tests on a prototype system are presented in
extensive graphs and discussed in detail. TK.

A89-17665#

JEM ECLSS AND MAN SYSTEM

KUNIAKI  SHIRAKI, TAKAO YAMAGUCHI (National Space
Development Agency of Japan, Tokyo), AKIRA HATTORI, and
HIDEKI HAMA (Kawasaki Heavy Industries, Ltd., Kobe, Japan)
IAF, International Astronautical Congress, 39th, Bangalore, India,
Oct. 8-15, 1988. 11 p. refs

(IAF PAPER 88-076)

The Japanese Experiment Module (JEM) ECLSS function
definition, baseline configuration, and interface with the Space
Station core are outlined. The JEM Man System function and
subsytems are considered. The ECLSS functional and physical
distribution is discussed in terms of the operational and redundancy
philosophy of the JEM program. Issues concerning interface with
the Space Station include the intermodule ventilation, the CO2
return method, and the atmosphere monitoring system. R.B.
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A89-19921*# Southwest Research Inst., San Antonio, TX.
SPACELAB 1 EXPERIMENTS ON INTERACTIONS OF AN
ENERGETIC ELECTRON BEAM WITH NEUTRAL GAS

J. A. MARSHALL, C. S. LIN, J. L. BURCH {Southwest Research
Institute, San Antonio, TX), T. OBAYASHI (Tokyo, University,
Japan), and C. BEGHIN (CNRS, Laboratoire de Physique et Chimie
de I'Environnement, Orleans, France) Journal of Spacecraft and
Rockets (ISSN 0022-4650), vol. 25, Sept.-Oct. 1988, p. 361-367.
refs

(Contract NAS8-32488; F19628-85-K-0004)

An unusual signature of return current and spacecraft charging
potential was observed during the Spacelab 1 mission launched
on November 28, 1983. The phenomenon occurred during neutral
gas releases from the SEPAC (Space Experiments with Particle
Accelerators) magnetoplasma-dynamic arciet (MPD) concurrent
with firings of the PICPAB (Phenomena Induced by Charged Particle
Beams) electron gun and was recorded by the instruments of the
SEPAC diagnostic package (DGP). Data from the langmuir probe,
floating probes, neutral gas pressure gauge, and the plasma wave
probes are reported. As the dense neutral gas was released, the
return current measured by the langmuir probe changed from
positive to negative and a positive potential relative to the
spacecraft was measured by the floating probe. The anomalous
return current is believed to be attributable to secondary electron
fluxes escaping from the spacecraft, and the unusual charging
situation is attributed to the formation of a double-layer structure
between a hot plasma cloud localized to the MPD and the
spacecraft. The charging scenario is supported by a computer
simulation. Author

AB9-25473#

SOCIAL STRUCTURE AND EFFECTIVENESS IN ISOLATED
GROUPS

JEFFREY C. JOHNSON (East Carolina University, Greenville, NC)
AIAA, Aerospace Sciences Meeting, 27th, Reno, NV, Jan. 9-12,
1989. 12 p. refs

(AIAA PAPER 89-0592)

Based on ideas from network or structural analysis, this paper
explores the importance of structural heterogeneity, the fit between
formal and informal group structure, and the importance of lower
status positions and roles in creating effective groups in isolated
environments such as space. In addition, this paper suggests how
these concepts might aid in the selection and structuring of crews
for future missions. Author

A89-26419* California Univ., Davis.

DIFFERENTIAL COLOR BRIGHTNESS AS A BODY
ORIENTATION CUE

CHRISTOPHER G. BARBOUR and RICHARD G. COSS (California,
University, Davis) Human Factors (ISSN 0018-7208), vol. 30,
Dec. 1988, p. 713-717. Research supported by the University of
California. refs

(Contract NAG2-428)

Ninety male and female college students reclining on their backs
in the dark were disoriented when positioned on a rotating platform
under a slowly rotating disk that filled their entire visual field. Half
of the disk was painted with a brighter value (about 69 percent
higher luminance level) of the color on the other half. The effects
of red, blue, and yellow were examined. Subjects wearing frosted
goggles viewed the illuminated disk for three rotations. The disk
was stopped when the subjects felt that they were right side up.
A significant proportion of subjects selected the disk position in
which the brighter side of each of the three colors filled their
upper visual field. These results suggest that color brightness as
well as lighting variation could provide Space Station crew members
with body orientation cues as they move around. Author

AB89-27802

TWO-BED CARBON MOLECULAR SIEVE CARBON DIOXIDE
REMOVAL SYSTEM FEASIBILITY TESTING

R. J. KAY and R. TOM (Allied-Signal Aerospace Co., Torrance,
CA) SAE, Intersociety Conference on Environmental Systems,

18th, San Francisco, CA, July 11-13, 1988. 5 p.
(SAE PAPER 880993)

The regenerable two-bed carbon dioxide removal system,
utilizing carbon molecular sieve (CMS), represents a significant
advancement over the current Space Station four-bed zeolite
molecular sieve baseline system. To demonstrate the feasibility of
the CMS system approach, system performance tests were
conducted on a two-bed system created by modifying the existing
flight-qualified Skylab regenerable carbon dioxide removal system.
Results of the performance tests confirmed the two-bed CMS
system approach as a viable candidate for Space Station
regenerable carbon dioxide removal. Author

A89-27803

STATIC FEED WATER ELECTROLYSIS SYSTEM FOR SPACE
STATION OXYGEN AND HYDROGEN GENERATION

FRED A. FORTUNATO, ANDREW J. KOVACH, and LOWELL E.
WOLFE (Life Systems, Inc., Cleveland, OH}  SAE, Intersociety
Conference on Environmental Systems, 18th, San Francisco, CA,
July 11-13, 1988. 11 p. refs

(SAE PAPER 880994)

An oxygen- and hydrogen-generating water electrolysis system
that is being developed for long-term manned operation of the
Space Station is described. The system incorporates an
alkaline-based oxygen generation assembly (OGA) based on the
static feed electrolyzer (SFE) concept. The OGA is expected to
provide metabolic oxygen for the crew, to compensate for the O2
lost overboard due to leakage, to supply 02 for airlock
repressurization, and to provide hydrogen for reducing CO2
generated in the cabin. The SFE uses highly efficient electrodes
with rugged unitized cell construction, integrated mechanical
components, and advanced control/monitor instrumentation
designed to reduce system complexity while enhancing overall
reliability and maintainability. 1.S.

A89-27804* Life Systems, Inc., Cleveland, OH.

MATURITY OF THE BOSCH CO2 REDUCTION TECHNOLOGY
FOR SPACE STATION APPLICATION

ROBERT C. WAGNER (Life Systems, Inc., Cleveland, OH), ROBYN
CARRASQUILLO (NASA, Marshall Space Flight Center, Huntsville,
Al), JAMES EDWARDS, and ROY HOLMES (Boeing Aerospace,
Huntsville, AL) SAE, Intersociety Conference on Environmental
Systems, 18th, San Francisco, CA, July 11-13, 1988. 11 p.

{SAE PAPER 880995)

The Bosch process, which catalytically reduces CO2 with H2
to solid carbon and water, is a promising technique for the reduction
of the CO2 removed from the Space Station atmosphere and the
subsequent water formation for O2 recovery. A Bosch engineering
subsystem prototype CO2 reduction unit was developed to
demonstrate the feasibility of the Bosch process as a viable
technology for Space Station application. A man-rated prototype
unit is then described as part of the ECLSS Technology
Demonstrator Program. The goal was to develop a Bosch
subsystem that not only meets the performance requirements of
two 60 person-day carbon cartridge capacities, but also satisfies
inherent man-rated requirements such as offgassing characteristics,
fail-safe operation, and ease of maintainability. It is concluded
that the technology is at a state of maturity directly applicable to
flight status for the NASA Space Station program. S.AV.

A89-27811* Texas Univ,, Austin.
ASTRONAUT AND AQUANAUT PERFORMANCE AND
ADJUSTMENT BEHAVIORAL ISSUES IN ANALOGOUS
ENVIRONMENTS
ROBERT L. HELMREICH, JOHN A. WILHELM (Texas, University,
Austin), and H. CLAYTON FOUSHEE (NASA, Ames Research
Center, Moffett Field, CA) SAE, Intersociety Conference on
Environmental Systems, 18th, San Francisco, CA, July 11-13, 1988.
8 p. refs
{SAE PAPER 881004)

The utility of analog environments as sources of data for future,
long duration space missions is discussed. The undersea habitat
is evaluated on a point-by-point basis for similarities and differences
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with Space Station and a possible lunar base. The comparability
of Antarctic wintering-over stations is also considered. Critical
issues for research are described, as well as the requirement that
participants be involved in the conduct of meaningful work.
Author

AB9-27814" National Aeronautics and Space Administration,
Washington, DC.

ADVANCED PHYSICAL-CHEMICAL LIFE SUPPORT SYSTEMS
RESEARCH

PEGGY L. EVANICH (NASA, Office of Aeronautics and Space
Technology, Washington, DC) SAE, Intersociety Conference on
Environmental Systems, 18th, San Francisco, CA, July 11-13, 1988,

6 p.
(SAE PAPER 881010)

A proposed NASA space research and technology development
program will provide adequate data for designing closed loop life
support systems for long-duration manned space missions. This
program, referred to as the Pathfinder Physical-Chemical Closed
Loop Life Support Program, is to identify and develop critical
chemical engineering technologies for the closure of air and water
loops within the spacecraft, surface habitats or mobility devices.
Computerized simulation can be used both as a research and
management tool. Validated models will guide the selection of the
best known applicable processes and in the development of new
processes. For the integration of the habitat system, a biological
subsystem would be introduced to provide food production and to
enhance the physical-chemical life support functions on an
ever-increasing basis. AAF.

AB9-27817" National Aeronautics and Space Administration.
Marshall Space Flight Center, Huntsville, AL.

AIR AND WATER QUALITY MONITOR ASSESSMENT OF LIFE
SUPPORT SUBSYSTEMS

KEN WHITLEY, ROBYN L. CARRASQUILLO, D. HOLDER, and R.
HUMPHRIES (NASA, Marshall Space Flight Center, Huntsville,
Al)  SAE, Intersociety Conference on Environmental Systems,
18th, San Francisco, CA, July 11-13, 1988. 13 p. refs

(SAE PAPER 881014)

Preprotype air revitalization and water reclamation subsystems
(Mole Sieve, Sabatier, Static Feed Electrolyzer, Trace Contaminant
Control, and Thermoelectric Integrated Membrane Evaporative
Subsystem)} were operated and tested independently and in an
integrated arrangement. During each test, water and/or gas
samples were taken from each subsystem so that overall
subsystem performance could be determined. The overall test
design and objectives for both subsystem and integrated subsystem
tests were limited, and no effort was made to meet water or gas
specifications. The results of chemical analyses for each of the
participating subsystems are presented along with other selected
sampies which were analyzed for physical properties and
microbiologicals. Author

A89-27818

SPACE STATION WATER RECOVERY TRADE STUDY -
PHASE CHANGE TECHNOLOGY

MAX B. GORENSEK (Life Systems, Inc., Cleveland, OH) and DAVID
BAER-PECKHAM (Boeing Aerospace, Huntsville, AL) SAE,
Intersociety Conference on Environmental Systems, 18th, San
Francisco, CA, July 11-13, 1988. 15 p. refs

(SAE PAPER 881015)

Three different phase-change water recovery technologies are
under consideration for use aboard the Space Station: the Air
Evaporation Subsystem (AES), the Thermoelectric Integrated
Membrane Evaporation Subsystem (TIMES), and the Vapor
Compression Distillation Subsystem (VCDS). Although each uses
evaporation to recover water from wastes, each differs in the way
in which the liquid/vapor interface is maintained in zero-gravity,
and in the way in which the latent heat is recovered. The potential
application of these technologies to each of the five separate
water recovery reprocessing loops aboard the Space Station is
considered. Comparisons are drawn for urine processing based
on a range of evaluation criteria. The VCDS was found to be the
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most cost-effective method for water reclamation from urine.
Recommendations are made for also applying the VCDS to crew
hygiene water, animal cage wash water, and experiment waste
water processing. S.AV.

A89-27819

A STERILE WATER FOR INJECTION SYSTEM (SWIS) FOR
USE IN THE PRODUCTION OF RESUSCITATIVE FLUIDS
ABOARD THE SPACE STATION

MATHEW J. DUNLEAVY and ANIL D. JHA (Sterimatics Corp.,
Bedford, MA)  SAE, Intersociety Conference on Environmental
Systems, 18th, San Francisco, CA, July 11-13, 1988. 14 p.

(SAE PAPER 881016)

A disposable cartridge is being developed as part of a medical
supply weight-reduction alternative for the Health Maintenance
Facility of the Space Station. The Sterile Water for Injection System
(SWIS) produces intravenous solutions to USP XXI(1) Water for
Injection (WF1) quality from available potable water supplies aboard
the Space Station, rather than launch the bulk liquids into space.
The cartridge will be a passive disposable device, requiring only
tap pressure as the driving force for filtration. This paper presents
performance data on removal capabilities for specific contaminants,
namely, residual halogen (disinfectant, iodine), total dissolved
solids, total organic carbon, bacteria, and bacterial endotoxin. in
addition, design features of the cartridge are discussed. The SWIS
cartridge will weigh approximately 2 kg and have a production
capacity of at least 6 kg of WF| at a flow rate of 6 liters/hr.

S.AV.

AB89-27820

USING FLIGHT HARDWARE TO TEST THE SPACE STATION
WATER RECLAMATION AND MANAGEMENT SUBSYSTEM IN
ZERO-G

DAVID E. WILLIAMS (Rockwell Shuttle Operations Co., Houston,
TX) SAE, Intersociety Conference on Environmental Systems,
18th, San Francisco, CA, July 11-13, 1988. 6 p. refs

(SAE PAPER 881018)

With the coming of the U.S. Space Station, the testing of the
water reclamation system in zero-g could become very important
to avoid costly redesigns and logistic problems. This paper outlines
one possible way to test the potable water reclamation system as
a spacelab payload and the hygiene water reclamation system as
a middeck payload in zero-g, while using existing National Space
Transportation System flight hardware. Author

A89-27821

CRITERIA DEFINITION AND PERFORMANCE TESTING OF A
SPACE STATION EXPERIMENT WATER MANAGEMENT
SYSTEM

A. J. HITT, Hll, R. H. RENFRO, K. F. SCHIEN, and E. STREAMS
(McDonnell Douglas Corp., Saint Louis, MO) SAE, Intersociety
Conference on Environmental Systems, 18th, San Francisco, CA,
July 11-13, 1988. 12 p. refs

(SAE PAPER 881019)

Because of the many experiments proposed for the Space
Station United States Laboratory (USL) that will require ultrapure
water, the need for a water recovery system has become
necessary. This high quality water may be produced by a hybrid
of new technologies and by water subsystems currently considered
for the ECLS on the Space Station. A testing program has been
conducted to evaluate the suitability of these currently available
water purification technologies for the USL. These water recovery
systems are being evaluated based on the permeate water quality.
Samples of the permeate and of the concentrated waste solutions
are taken during each test and analyzed for endotoxins, microbes,
pH, conductivity, and total organic carbon. One of the three
candidate water management system concepts being considered,
the Thermoelectric Integrated Membrane Evaporator Subsystem,
is used as a test bench challenge, and system test performance
results are presented. S.AV.
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AB89-27833" National Aeronautics and Space Administration.
Marshall Space Flight Center, Huntsville, AL.

PRELIMINARY DESIGN OF THE SPACE STATION
ENVIRONMENTAL CONTROL AND LIFE SUPPORT SYSTEM

J. L. REUTER, L. D. TURNER, and W. R. HUMPHRIES (NASA,
Marshall Space Flight Center, Huntsville, AL}  SAE, Intersociety
Conference on Environmental Systems, 18th, San Francisco, CA,
July 11-13, 1988. 12 p. refs

(SAE PAPER 881031)

This paper outlines the current status of the Space Station
Enrivonmental Control and Life Support System (ECLSS). The
seven subsystem groups which comprise the ECLSS are identified
and their functional descriptions are provided. The impact that the
nominal and safe haven operating requirements have on the
physical distribution, sizing, and number of ECLSS subsystems is
described. The role that the major ECLSS interfaces with other
Space Station systems and elements play in the ECLSS design is
described. Author

AB9-27834

RECOVERY OF SPACE STATION HYGIENE WATER BY
MEMBRANE TECHNOLOGY

A. X. SWAMIKANNU, S. S. KULKARNI, E. W. FUNK (Allied-Signal
Aerospace Co., Torrance, CA), and R. A. MADSEN (Allied-Signal
Aerospace Co., AiResearch Los Angeles Div., Torrance, CA) SAE,
Intersociety Conference on Environmental Systems, 18th, San
Francisco, CA, July 11-13, 1988. 11 p. Research sponsored by
Boeing Aerospace Co.

(SAE PAPER 881032)

Research efforts on a reverse osmosis membrane-based
recovery system for purifying Space Station shower and laundry
washwater are described. A systematic study was conducted of
the thermal stability of a proprietary membrane at 74 C and 200
psi operating pressure. Experiments were performed on membrane
coupons, and performance of the membrane when exposed to
anionic, cationic, and nonionic surfactants was established. A
preprototype washwater reclamation unit is discussed which was
operated with a spiral wound membrane module. The unit was
operated continuously for 12.5 days and permeated approximately
2200 gal of water, equivalent to the water requirements of an
eight-person crew for 41 days. The unit operated according to
design and processed water meeting the NASA hygiene water
separation standards. S.AV.

A89-27835

AN EFFICIENT AIR EVAPORATION URINE PROCESSING
SYSTEM FOR SPACE STATION

A. A. MADSEN (Aliied-Signal Aerospace Co., AiResearch Los
Angeles Div., Torrance, CA) and D. F. PUTNAM (Umpgqua Research
Co., Myrtle Creek, OR)  SAE, Intersociety Conference on
Environmental Systems, 18th, San Francisco, CA, July 11-13, 1988.

7 p.
(SAE PAPER 881034)

An analysis of an air evaporation urine processing technique
is presented as a viable candidate for the Space Station. This
enhanced configuration incorporates a recuperator and an R12
heat pump for energy recovery. The air evaporation urine processor
distills water from urine by evaporation of water from urine-saturated
felt pads, over which air is circulated in a closed toop. Schematic
diagrams of the processor are presented, and a parametric cycie
analysis is conducted to establish sensitivity to significant variables
and select a tentative design point. Comparisons of design
configuration calculations are presented for the specific power and
input power requirements of simple cycle and recuperated cycle
systems. S.AV.

AB89-27836* Rockwell International Corp., Downey, CA.

NODES PACKAGING OPTION FOR SPACE STATION
APPLICATION

KENNETH T. SO (Rockwell international Corp., Downey, CA) and
JOHN B. HALL, JR. (NASA, Langley Research Center, Hampton,
VA) SAE, Intersociety Conference on Environmental Systems,

18th, San Francisco, CA, July 11-13, 1988. 6 p.
(SAE PAPER 881035)

Space Station nodes packaging analyses are presented relative
to moving environmental control and life support system (ECLSS)
equipment from the habitability (HAB) module to node 4, in order
to provide more living space and privacy for the crew, remove
inherently noisy equipment from the crew quarter, retain crew waste
collection and processing equipment in one location, and keep
objectionable odor away from the living quarters. in addition, options
for moving external electronic equipment from the Space Station
truss to pressurized node 3 were evaluated in order to reduce the
crew extravehicular-activity time required to install and maintain
the equipment. Node size considered in this analysis is 3.66 m in
diameter and 5.38 m long. The analysis shows that significant
external electronic equipment could be relocated from the Space
Station truss structure to node 3, and noniife critical ECLSS HAB
module equipment could be moved to node 4. Author

A89-27837* Bend Research, Inc., OR.

DEHUMIDIFICATION VIA MEMBRANE SEPARATION FOR
SPACE-BASED APPLICATIONS

JANE KUCERA GIENGER, RODERICK J. RAY (Bend Research,
fnc., OR), and CINDA CHULLEN (NASA, Johnson Space Center,
Houston, TX)  SAE, Intersociety Conference on Environmental
Systems, 18th, San Francisco, CA, July 11-13, 1988. 18 p. refs
(SAE PAPER 881037)

The paper describes the development of a membrane-based
dehumidification process for space-based applications, such as
spacecraft cabins and EVA space suits. Results presented are
from: (1) screening tests conducted to determine the efficacy of
various membranes to separate water vapor from air, and (2)
parametric and long-term tests of membranes operated at
conditions that simulate the range of environmental conditions (e.g.,
temperature and relative humidity) expected in the planned Space
Station. Also included in this paper is a discussion of preliminary
designs of membrane-based dehumidification processes for the
Space Station and EVA space suits. These designs result in
compact and energy-efficient systems that offer significant
advantages over conventional dehumidification processes.

Author

AB9-27838" Modar, Inc., Natick, MA.

SUPERCRITICAL WATER OXIDATION - MICROGRAVITY
SOLIDS SEPARATION

WILLIAM R. KILUILEA, GLENN T. HONG, KATHLEEN C.
SWALLOW, and TERRY B. THOMASON (Modar, Inc., Natick,
MA)  SAE, Intersociety Conference on Environmental Systems,
18th, San Francisco, CA, July 11-13, 1988. 14 p. refs

{Contract NAS2-12176)

(SAE PAPER 881038)

This paper discusses the application of supercritical water
oxidation (SCWO) waste treatment and water recycling technology
to the problem of waste disposal in-long term manned space
missions. As inorganic constituents present in the waste are not
soluble in supercritical water, they must be removed from the
organic-free supercritical fluid reactor effluent. Supercritical water
reactor/solids separator designs capable of removing precipitated
solids from the process’ supercritical fluid in zero- and low- gravity
environments are developed and evaluated. Preliminary
experiments are then conducted to test the concepts. Feed
materials for the experiments are urine, feces, and wipes with the
addition of reverse osmosis brine, the rejected portion of processed
hygiene water. The solid properties and their influence on the
design of several oxidation-reactor/solids-separator configurations
under study are presented. S.AV.

A89-27839* Massachusetts Inst. of Tech., Cambridge.
FUNDAMENTAL KINETICS AND MECHANISTIC PATHWAYS
FOR OXIDATION REACTIONS IN SUPERCRITICAL WATER
PAUL A. WEBLEY and JEFFERSON W. TESTER (MIT, Cambridge,
MA)  SAE, Intersociety Conference on Environmental Systems,
18th, San Francisco, CA, July 11-13, 1988. 11 p. refs
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{Contract NAG9-252)
(SAE PAPER 881039)

Oxidation of the products of human metabolism in supercritical
water has been shown to be an efficient way to accomplish the
on-board water/waste recycling in future long-term space flights.
Studies of the oxidation kinetics of methane to carbon dioxide in
supercritical water are presented in this paper in order to enhance
the fundamental understanding of the oxidation of human waste
compounds in supercritical water. It is concluded that, although
the elementary reaction models remain the best hope for simulating
oxidation in supercritical water, several modifications to existing
mechanisms need to be made to account for the role of water in
the reaction mechanism. S.AV.

A89-27840" Waestinghouse Electric Corp., Pittsburgh, PA.
CARBON DIOXIDE ELECTROLYSIS WITH SOLID OXIDE
ELECTROLYTE CELLS FOR OXYGEN RECOVERY IN LIFE
SUPPORT SYSTEMS

ARNOLD O. ISENBERG (Westinghouse Electric Corp., Pittsburgh,
PA) and ROBERT J. CUSICK (NASA, Johnson Space Center,
Houston, TX)  SAE, Intersociety Conference on Environmental
Systems, 18th, San Francisco, CA, July 11-13, 1988. 16 p. refs
(Contract NAS9-17590)

(SAE PAPER 881040)

The direct electrochemical reduction of carbon dioxide (CO2)
is achieved without catalysts and at sufficiently high temperatures
to avoid carbon formation. The tubular electrolysis cell consists of
thin layers of anode, electrolyte, cathode and cell interconnection.
The electrolyte is made from yttria-stabilized zirconia which is an
oxygen ion conductor at elevated temperatures. Anode and cell
interconnection materials are complex oxides and are electronic
conductors. The cathode material is a composite metal-ceramic
structure. Cell performance characteristics have been determined
using varying feed gas compositions and degrees of
electrochemical decomposition. Cell test data are used to project
the performance of a three-person CO2-electrolysis breadboard
system. Author

A89-27841" National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.
ADVANCEMENTS IN WATER VAPOR ELECTROLYSIS
TECHNOLOGY

CINDA CHULLEN (NASA, Johnson Space Center, Houston, TX),
DENNIS B. HEPPNER, and MARTIN SUDAR (Life Systems, Inc.,
Cleveland, OH) SAE, Intersociety Conference on Environmental
Systems, 18th, San Francisco, CA, July 11-13, 1988. 11 p. refs
(Contract NAS9-17558)

(SAE PAPER 881041)

The paper describes a technology development program whose
goal is to develop water vapor electrolysis (WVE) hardware that
can be used selectively as localized topping capability in areas of
high metabolic activity without oversizing the central air revitalization
system on long-duration manned space missions. The WVE will
be used primarily to generate O2 for the crew cabin but also to
provide partial humidity control by removing water vapor from the
cabin atmosphere. The electrochemically based WVE interfaces
with cabin air which is controlled in the following ranges: dry bulb
temperature of 292 to 300 K; dew point temperature of 278 to
289 K; relative humidity of 25 to 75 percent; and pressure of 101
+ or - 1.4 kPa. Design requirements, construction details, and
results for both single-cell and multicell module testing are
presented, and the preliminary sizing of a muitiperson subsystem
is discussed. AAF.

A89-27842
CARBON DIOXIDE REDUCTION PROCESSES FOR
SPACECRAFT ECLSS - A COMPREHENSIVE REVIEW
GARY P. NOYES (United Technologies Corp., Hamilton Standard
Div., Windsor Locks, CT) SAE, Intersociety Conference on
Environmental Systems, 18th, San Francisco, CA, July 11-13, 1988.
10 p. refs
(SAE PAPER 881042)

There currently exist three practical processes for reduction of
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carbon dioxide in manned spacecraft environment controf and life
support systems. The Sabatier (SCRS) and the Bosch (BCRS)
Carbon Dioxide Reduction Subsystems are well known, while the
Advanced Carbon Dioxide Reduction Subsystem (ACRS) is more
recently developed. In this paper, the physiochemical fundamentals,
developmental history, and reactor hardware implementation of
these three processes are described. The methodology, data, and
results of a logistics trade study of these carbon dioxide reduction
processes for manned space mission application are presented
and discussed. Author

AB9-27847

MANAGEMENT OF MICROORGANISMS IN CELSS PLANT
GROWTH SYSTEMS

BERLIN NELSON (North Dakota State University, Fargo) SAE,
Intersociety Conference on Environmental Systems, 18th, San
Francisco, CA, July 11-13, 1988. 6 p. refs

(SAE PAPER 881047)

A primary concern in the design and operation of controlled
ecological life support systems (CELSS), which include higher
plants for food and oxygen production in manned space stations
and long-duration space flights, is maintaining plant health and
maximizing plant growth rates. A potential problem for plant growth
systems is plant pathogenic microorganisms which are inevitably
introduced into the CELSS. This paper discusses four principal
methods of managing microorganisms in plant growth systems.
They are: (1) the establishment of plant quarantine protocols, (2)
effective and rapid sanitation methods, (3) the creation of microbial
communities with known microorganisms to act as buffers against
undesirable microorganisms, and (4) the compartmentalization of
plant growth systems. S.AV.

A89-27855" Bionetics Corp., Hampton, VA.

ECLS SYSTEMS FOR A LUNAR BASE - A BASELINE AND
SOME ALTERNATE CONCEPTS

WARREN D. HYPES (Bionetics Corp., Hampton, VA) and JOHN
B. HALL, JR. (NASA, Langley Research Center, Hampton, VA)
SAE, Intersociety Conference on Environmental Systems, 18th,
San Francisco, CA, July 11-13, 1988. 13 p. refs

(SAE PAPER 881058)

A baseline ECLS system for a lunar base manned intermittently
by four crewmembers and later permanently occupied by eight
crewmembers has been designed. A summary of the physical
characteristics for the intermittently manned and the continuously
manned bases is given. Since Space Station inheritance is a key
assumption in the mission modetls, the ECLS system components
are distributed within Space Station modules and nodes. A 'core
assembly’ concept is then developed to meet the objectives of
both phases of the ECLS system. A supplementary study is
discussed which assessed tankage requirements, penaities incurred
by adding subsystem redundancy and by pressurizing large surface
structures, and difficulties imposed by intermittent occupancy.
Alternate concepts using lunar-derived oxygen, the gravitational
field as a design aid, and a city utility-type ECLS system are also
discussed. S.AV.

AB9-27858" Life Systems, Inc., Cleveland, OH.
ELECTROCHEMICALLY REGENERABLE METABOLIC CO2
AND MOISTURE CONTROL SYSTEM FOR AN ADVANCED
EMU APPLICATION

M. C. LEE (Life Systems, Inc., Cleveland, OH), P. S. BECKSTROM
(Rockwell International Corp., Houston, TX), and R. J. CUSICK
(NASA, Johnson Space Center, Houston, TX) SAE, Intersociety
Conference on Environmental Systems, 18th, San Francisco, CA,
July 11-13, 1988. 13 p. refs

(Contract NAS9-17307)

(SAE PAPER 881061)

Regenerable CO2 and moisture removal techniques that reduce
expendables and logistics requirements are needed to sustain
people undertaking extravehicular activities for the Space Station.
NASA has been investigating ways to advance the Electro-
chemically Regenerable CO2 and Moisture Absorption
(ERCA) technology to replace the nonregenerable solid lithium
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hydroxide absorber for the advanced Portable Life Support System
(PLSS). The ERCA technology, due to its use of liquid absorbent,
has the ability to effectively satisfy the high metabolic CO2 and
moisture removal requirements of PLSS applications. This paper
defines the ERCA technology concept and its advantages for the
PLSS application, reviews breadboard and subscale testdata and
presents the results of design concepts for a prototype Absorber
Module of improved performance and the physical characteristics
of the projected flight hardware. Author

A89-27859* United Technologies Corp., Windsor Locks, CT.
DEVELOPMENT OF AN ADVANCED SOLID AMINE HUMIDITY
AND CO2 CONTROL SYSTEM FOR POTENTIAL SPACE
STATION EXTRAVEHICULAR ACTIVITY APPLICATION
TIMOTHY A. NALETTE, ROBERT W. BLASER (United
Technologies Corp., Hamilton Standard Div., Windsor Locks, CT},
WESLEY D. COLEMAN (Rockwell International Corp., Space
Transportation Systems Div., Downey, CA), and ROBERT J.
CUSICK (NASA, Johnson Space Center, Houston, TX)  SAE,
Intersociety Conference on Environmental Systems, 18th, San
Francisco, CA, July 11-13, 1988. 9 p. refs

(SAE PAPER 881062)

A system for removing metabolic carbon dioxide and water
vapor from breathing air within a space suit during NASA Space
Station EVA is discussed. The solid amine compound used is
packed within a water-cooled metal foam matrix heat-exchanger
to remove the exothermic heat of chemical reaction. Details of
the design of a canister for humidity and carbon dioxide control
and performance of the system are presented. AAF.

A89-27861" National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.

HIGH PRESSURE WATER ELECTROLYSIS FOR SPACE
STATION EMU RECHARGE

NICK LANCE (NASA, Johnson Space Center, Houston, TX),
MICHAEL PUSKAR, LAWRENCE MOULTHROP, and JOHN
ZAGAJA (United Technologies Corp., Hamilton Standard Div.,
Windsor Locks, CT) SAE, Intersociety Conference on
Environmental Systems, 18th, San Francisco, CA, July 11-13, 1988.

11 p.
(SAE PAPER 881064)

A high pressure oxygen recharge system (HPORS), is being
developed for application on board the Space Station. This
electrolytic system can provide oxygen at up to 6000 psia without
a mechanical compressor. The Hamilton standard HPORS based
on a solid polymer electrolyte system is an extension of the much
larger and succesful 3000 psia system of the U.S. Navy. Cell
modules have been successfully tested under conditions beyond
which spacecraft may encounter during launch. The control system
with double redundancy and mechanical backups for all
electronically controlled components is designed to ensure a safe
shutdown. AAF.

AB9-27868

PHYSIOLOGICAL EFFECTS OF REPEATED DECOMPRESSION
AND RECENT ADVANCES IN DECOMPRESSION SICKNESS
RESEARCH - A REVIEW

PAUL A. FURR (Grumman Corp., Space Systems Div., Bethpage,
NY) and WILLIAM J. SEARS (Aerospace Associates, Inc., Saint
Louis, MO} SAE, Intersociety Conference on Environmental
Systems, 18th, San Francisco, CA, July 11-13, 1988. 7 p. refs
(SAE PAPER 881072)

The objective of this paper is to review the intermediate or
long-term physiological effects which may develop on spacecrew
members who engage in repetitive EVAs and their subsequent
effects on EVA performance, with particular concern for future
Space Station activities. The potential for decompression sickness
(DCS) is further affected by a variety of environmental effects
that cause physiological change during exposure to spaceflight. A
literature review is then given which outlines the effects of repeated
exposure to subatmospheric pressures on DCS symptomatology,
with attention given to studies indicating increased susceptibility
to DCS and studies indicating no change or decreased susceptibility

to DCS. A brief discussion about data as regards metabolic changes
that occur during decompression to subatmospheric pressures
concludes the paper. S.AV.

A89-27872

HUMAN FACTORS IN THE DESIGN OF A VARIABLE GRAVITY
RESEARCH FACILITY

BARRY TILLMAN SAE, Intersociety Conference on Environmental
Systems, 18th, San Francisco, CA, July 11-13, 1988. 13 p.
Research supported by Lockheed Missiles and Space Co. refs
(SAE PAPER 881076)

NASA is considering a space-based variable gravity research
facility (VGRF) to study the biomedical effects and habitability of
various gravity levels encountered as humans venture from earth.
This paper identifies the human factors in the design and use of
the VGRF. This includes both the human studies that should be
conducted in the VGRF and the design of the VGRF for human
habitation. Designers must consider human factors early in the
VGRF development to ensure its success. Author

A89-27873* Aquanautics Corp., Emeryville, CA.

OXYGEN EXTRACTION FOR A MISSION LIFE SUPPORT
STEVEN J. CARNEVALE and ANWYL MCDONALD (Aquanautics
Corp., Emeryville, CA) SAE, Intersociety Conference on
Environmental Systems, 18th, San Francisco, CA, July 11-13, 1988.
8 p. Research supported by NASA.

(SAE PAPER 881077)

Research conducted to extract oxygen from air or water with
possible applications to oxygen production on Mars, the moon, or
the Space Station is discussed. The technology under development
involves an electrochemical process which is energy-efficient,
regenerative and, in combination with a fuel cell, will provide net
positive power, and generate oxygen for life support systems. The
history of chemical oxygen separation and details of the oxygen
separation technology are presented. AAF.

A89-27874* Midwest Research Inst.,, Golden, CO.

SYNTHESIS AND EVALUATION OF ELECTROACTIVE CO2
CARRIERS

W. L. BELL, A. MIEDANER, J. C. SMART, D. L. DUBOIS (Solar
Energy Research Institute, Golden, CO), and C. E. VEROSTKO
(NASA, Johnson Space Center, Houston, TX)  SAE, Intersociety
Conference on Environmental Systems, 18th, San Francisco, CA,
July 11-13, 1988. 11 p. refs

(Contract NASA ORDER T-5985-M)

(SAE PAPER 881078)

The development of redox CO2 carrier molecules capable of
binding CO2 and releasing it will provide a basis for efficient CO2
removal system for possible applications on long-duration manned
space missions. The objective of research being conducted is the
utilization of these carriers to develop membranes to selectively
and efficiently pump CO2 when a potential is applied across the
membranes. The topics covered include the effects of pumping
rate and CO2 solubility on carrier efficiency, chemical requirements
of redox active carriers, and the screening and evaluation of
potential carriers. AAF.

A89-27878

ELECTROCHEMICAL MULTIGAS SENSORS FOR AIR
MONITORING ASSEMBLY

H. V. VENKATASETTY (Honeywell, Inc., Bloomington, MN)  SAE,
Intersociety Conference on Environmental Systems, 18th, San
Francisco, CA, July 11-13, 1988. 8 p. refs

(SAE PAPER 881082)

A new class of electrochemical gas sensors based on
nonaqueous electrolytes has been developed. Sensors with three
electrode configuration and gold sensing electrodes have been
tabricated and used for monitoring both carbon dioxide and oxygen
with the capability to monitor water vapor using linear scanning
voltammetry. Sensors with platinum sensing electrodes have been
used to monitor low concentrations of toxic gases such as carbon
monoxide and nitrogen oxides with potential capability to monitor
organic contaminants. Experimental results obtained with these
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low-power and microprocessor-based sensors are presented. The
advantages of nonaqueous electrolyte-based sensors over the
conventional aqueous-based sensors and semiconductor sensors
are discussed in terms of multigas sensing capability, selectivity,
sensitivity, stability, and operating life. Author

A89-27886" National Aeronautics and Space Administration.
Ames Research Center, Moffett Field, CA.

THE RECOVERY AND UTILIZATION OF SPACE SUIT
RANGE-OF-MOTION DATA

AL REINHARDT (NASA, Ames Research Center, Moffett Field,
CA) and JAMES S. WALTON  SAE, Intersociety Conference on
Environmental Systems, 18th, San Francisco, CA, July 11-13, 1988.
9p. refs

(SAE PAPER 881091)

A technique for recovering data for the range of motion of a
subject wearing a space suit is described along with the validation
of this technique on an EVA space suit. Digitized data are
automatically acquired from video images of the subject;
three-dimensional trajectories are recovered from these data, and
can be displayed using three-dimensional computer graphics.
Target locations are recovered using a unique video processor
and close-range photogrammetry. It is concluded that such data
can be used in such applications as the animation of anthropometric
computer models. AAF.

A89-27887* Sterling Software, Palo Alto, CA.

MEASUREMENT OF METABOLIC RESPONSES TO AN
ORBITAL-EXTRAVEHICULAR WORK-SIMULATION EXERCISE
RENEE LANTZ (Sterling Software, Inc., Palo Alto, CA) and BRUCE
WEBBON (NASA, Ames Research Center, Moffett Field, CA) SAE,
Intersociety Conference on Environmental Systems, 18th, San
Francisco, CA, July 11-13, 1988. 11 p. refs

(SAE PAPER 881092)

This paper describes a new system designed to simulate orbital
EVA work and measure metabolic responses to these space-work
exercises. The system incorporates an experimental protocol, a
controlled-atmosphere chamber, an EVA-work exercise device, the
instrumentation, and a data acquisition system. Engineering issues
associated with the design of the proposed system are discussed.
This EVA-work simulating system can be used with various types
of upper-body work, including task boards, rope pulling, and arm
ergometry. Design diagrams and diagrams of various types of work
simulation are included. I.S.

A89-27888

ATMOSPHERIC CONTAMINANT MONITORING AND CONTROL
IN AN ENCLOSED ENVIRONMENT

JAMES A. STRACK (General Dynamics Corp., Saint Louis, MO)
SAE, Intersociety Conference on Environmental Systems, 18th,
San Francisco, CA, July 11-13, 1988. 16 p.

(SAE PAPER 881094)

The potential sources of airborne atmospheric contaminants of
an enclosed environment are discussed. The types of the
contaminants and wastes specific for enclosed environments of
different types, such as a submarine, aircraft, and spacecraft, are
examined, and the limits of their potentially toxic levels are given.
Instruments used to monitor the concentrations of various
atmospheric gases are described. Various methods available for
the control of environmental contaminants are described, including
methods for the removal of CO2, CO, aerosols, odors, and airborne
particulates. 1.S.

AB89-27893" National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.

DEVELOPMENT OF THE NASA ZPS MARK Il 57.2-KN/SQ M
(8.3 PSI) SPACE SUIT

JOSEPH J. KOSMO, WILLIAM E. SPENNY (NASA, Johnson Space
Center, Houston, TX), ROB GRAY, and PHIL SPAMPINATO (ILC

Dover, Frederica, DE) SAE, Intersociety Conference on
Environmental Systems, 18th, San Francisco, CA, July 11-13, 1988.
23 p.

(SAE PAPER 881101)

46

The zero-prebreathe Mark I, 8.3-psi EVA-capable space-suit
assembly represents a significant evolutionary development stage
toward the creation of an operational space-suit system for the
NASA Space Station Program. The unique implementation of the
Ortman cable coupling arrangement allows rapid assembly and
disassembly of major suit component hardware; this will in turn
facilitate on-orbit maintainability and resizing operations. Advanced
thermal/micrometeoroid garment-type protection features were
investigated in anticipation of Space Station construction-related
EVA hazards, and duly incorporated in the final Mark !l suit
design. 0.C.

A89-27894"* National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.

DEVELOPMENT OF HIGHER OPERATING PRESSURE
EXTRAVEHICULAR SPACE-SUIT GLOVE ASSEMBLIES
JOSEPH J. KOSMO (NASA, Johnson Space Center, Houston, TX),
JOHN BASSICK (David Clark Co., Inc., Worcester, MA), and KIM
PORTER (ILC Dover, Frederica, DE) SAE, Intersociety Conference
on Environmental Systems, 18th, San Francisco, CA, July 11-13,
1988. 14 p.

(SAE PAPER 881102)

Longer space flights and the advent of extravehicular (EV)
operations required drastic improvements in the areas of comfort
and mobility, and the incorporation of an EV-hazards protective
coverlayer. The current advanced glove designs represent a series
of evolutionary engineering efforts aimed at systematically
improving higher operating pressure EV glove performance
capabilities. Glove design complexity increases with the differential
pressure between the glove and the vacuum of space and with
the EV activity mobility task requirements. Current space-suit glove
design activities associated with the development of candidate
higher operating pressure (57.2 kN/sq m) glove assemblies are
described. Author

AB89-27895" Grumman Aerospace Corp., Bethpage, NY.

THE DEVELOPMENT OF A TEST METHODOLOGY FOR THE
EVALUATION OF EVA GLOVES

JOHN M. O’HARA (Grumman Space Systems, Bethpage, NY),
JOHN CLELAND, and DAN WINFIELD (Research Triangle Institute,
Research Triangle Park, NC) SAE, Intersociety Conference on
Environmental Systems, 18th, San Francisco, CA, July 11-13, 1988.
11 p. refs

(Contract NAS9-17702)

(SAE PAPER 881103)

This paper describes the development of a standardized set
of tests designed to assess EVA-gloved hand capabilities in six
measurement domains: range of motion, strength, tactile
perception, dexterity, fatigue, and comfort. Based upon an
assessment of general human-hand functioning and EVA task
requirements, several tests within each measurement domain were
developed to provide a comprehensive evaluation. All tests were
designed to be conducted in a glove box with the bare hand as a
baseline and the EVA glove at operating pressure. Author

A89-27903

AIR REVITALIZATION SYSTEM STUDY FOR JAPANESE
SPACE STATION

K. OTSUJI, O. HANABUSA, T. ETOH, and M. MINEMOTO
(Mitsubishi Heavy Industries, Ltd., Tokyo, Japan) SAE, Intersociety
Conference on Environmental Systems, 18th, San Francisco, CA,
July 11-13, 1988. 10 p. refs

(SAE PAPER 881112)

An Environment Control and Life Support System (ECLSS)
includes such functions as temperature control, humidity control,
pressure control, air circulation, carbon dioxide removal and
concentration, carbon dioxide reduction and oxygen generation,
and contamination control. The first Japanese space habitable
system called JEM (Japanese Experimental Module) will be
operated by being attached to the U.S. Space Station. This paper
describes recent study achievements in key technologies necessary
to establish air revitalization system of the ECLSS for the future
Japanese space station. Author
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A89-27904

AIR REVITALIZATION SYSTEM FOR JAPANESE EXPERIMENT
MODULE

Y. YOSHIMURA, K. MANABE (National Space Development
Agency of Japan, Tokyo), H. YAMASHIRO, Y. HORIE, S. FUJITA
(Kawasaki Heavy Industries, Ltd.,, Kobe, Japan) et al SAE,
Intersociety Conference on Environmental Systems, 18th, San
Francisco, CA, July 11-13, 1988. 9 p. refs

(SAE PAPER 881113)

It is necessary to remove carbon dioxide (CO2) and other
contaminant gases generated from the crew and nonmetallic
materials to keep the aliowable level of them for the long duration
life support in the Space Station. Therefore, the Air Revitalization
System (ARS) shall be provided in the Space Station. The ARS
for Japanese Experiment Module (JEM) consists of a regenerative
CO2 removal system and a trace contaminant control system
(TCCS). A solid amine CO2 removal system has been evaluated
as the preferable technology. An adsorption and catalytic oxidizing
method has been selected for the TCCS. This paper outlines the
investigations and study results of the ARS for JEM implemented
as part of the phase B preliminary study. Author

AB9-27905

EUROPEAN ECLS TECHNOLOGY PROGRAMME

CHRIS SAVAGE (ESA, European Space Research and Technology
Centre, Noordwijk, Netherlands) and HELMUT PREISS (Dornier
System GmbH, Friedrichshafen, Federal Republic of Germany)
SAE, Intersociety Conference on Environmental Systems, 18th,
San Francisco, CA, July 11-13, 1988. 9 p.

(SAE PAPER 881114)

The scenarios of ECLSS which will be necessary within the
next sixty years are outlined. From this, the need for technologies
are derived and condensed in a program plan. Technologies
necessary for the Columbus IOC are already under development.
The status of this program, which includes the development of
regenerative CO2 control, condensing heat exchanger, a
contamination control, and a low noise variable speed fan, is
described. The areas where the technological development should
start immediately are discussed. Author

A89-27908

STUDY OF TRACE CONTAMINANT CONTROL SYSTEM FOR
SPACE STATION

Y. YOSHIMURA, K. MANABE (National Space Development
Agency of Japan, Tokyo), N. KAMISHIMA, M. MINEMOTO, S.
HATANO (Mitsubishi Heavy Industries, Ltd., Tokyo, Japan) et al.
SAE, Intersociety Conference on Environmental Systems, 18th,
San Francisco, CA, July 11-13, 1988. 12 p. refs

(SAE PAPER 881117)

Since the Space Station will operate in a closed environment
over long periods of time, it is essential to develop technologies
to control trace contaminants produced by the metabolism of the
crew and by the materials from which it is made. In order to
accomplish this objective, a combination of adsorption and catalytic
oxidation was selected as the technology to control these trace
contaminants. Results are reported from adsorption experiments,
catalytic oxidation experiments, and experiments to determine the
effect on the catalyst capabilities of silicon and halogen
constituents, which are thought to be catalytic poisons. Author

AB9-27916" National Aeronautics and Space Administration.
Ames Research Center, Moffett Field, CA.

TESTING OF MATERIALS FOR PASSIVE THERMAL CONTROL
OF SPACE SUITS

BERNADETTE SQUIRE (NASA, Ames Research Center, Moffett
Field, CA) SAE, Intersociety Conference on Environmental
Systems, 18th, San Francisco, CA, July 11-13, 1988. 14 p. refs
(SAE PAPER 881125)

An effort is underway to determine the coating material of
choice for the AX-5 prototype hard space suit. Samples of 6061
aluminum have been coated with one of 10 selected metal coatings,
and subjected to corrosion, abrasion, and thermal testing. Changes
in reflectance after exposure are documented. Plated gold exhibited

minimal degradation of optical properties. A computer model is
used in evaluating coating thermal performance in the EVA
environment. The model is verified with an experiment designed
to measure the heat transfer characteristics of coated space suit
parts in a thermal vacuum chamber. Details of this experiment
are presented. Author

AB89-30991* Tracor Sciences and Systems, Austin, TX.
FEASIBILITY OF VIBRATION MONITORING OF SMALL
ROTATING MACHINES FOR THE ENVIRONMENTAL
CONTROL AND LIFE SUPPORT SYSTEMS (ECLSS) OF THE
NASA ADVANCED SPACE CRAFT
G. MARTIN MILNER, MIKE BLACK, MIKE HOVENGA, PAUL
MCCLURE (Tracor Applied Sciences, Inc., Austin, TX}, and
PATRICE MILLER (NASA, Johnson Space Center, Houston, TX)
IN: Detection, diagnosis and prognosis of rotating machinery to
improve reliability, maintainability, and readiness through the
application of new and innovative techniques. Cambridge and New
York, Cambridge University Press, 1988, p. 249-261. refs

The application of vibration monitoring to the rotating machinery
typical of ECLSS components in advanced NASA spacecraft was
studied. It is found that the weighted summation of the
accelerometer power spectrum is the most successful detection
scheme for a majority of problem types. Other detection schemes
studied included high-frequency demodulation, cepstrum, clustering,
and amplitude processing. K.K.

N89-10184*#  National Aeronautics and Space Administration.
Marshall Space Flight Center, Huntsville, AL.
RECHARGEABLE METAL HYDRIDES FOR SPACECRAFT
APPLICATION
J. L. PERRY Sep. 1988 37 p
(NASA-TM-4076; M-598; NAS 1.15:4076) Avail: NTIS HC
A03/MF A01 CSCL 211

Storing hydrogen on board the Space Station presents both
safety and logistics problems. Conventional storage using
pressurized bottles requires large masses, pressures, and volumes
to handle the hydrogen to be used in experiments in the U.S.
Laboratory Module and residual hydrogen generated by the ECLSS.
Rechargeable metal hydrides may be competitive with conventional
storage techniques. The basic theory of hydride behavior is
presented and the engineering properties of LaNi5 are discussed
to gain a clear understanding of the potential of metal hydrides
for handling spacecraft hydrogen resources. Applications to Space
Station and the safety of metal hydrides are presented and
compared to conventional hydride storage. This comparison
indicates that metal hydrides may be safer and require lower
pressures, less volume, and less mass to store an equivalent
mass of hydrogen. Author

N89-12206*#  National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.
HAZARDS PROTECTION FOR SPACE SUITS AND
SPACECRAFT Patent Application
JOSEPH J. KOSMO, inventor (to NASA) and FREDERICK S.
DAWN, inventor (to NASA) 30 Jun. 1988 16 p
(NASA-CASE-MSC-21366-1; NAS 1.71:MSC-21366-1,
US-PATENT-APPL-SN-213880) Avail: NTIS HC A03/MF A01
CSCL 06/11

A flexible multi-layered covering for protection against the
hazards of exposure to the environment of outer space is
presented. The covering includes an outer layer section comprising
an outmost lamina of woven expanded tetrafluorethylene yarns
(Gore-Tex) for protecting against abrasion and tearing, an
underlying weave of meta-aramid yarns (Nomex) and para-aramid
yarns (Kevlar) for particle impact protection, an electrostatic charge
dissipation and control system incoporated therein, and a chemical
contaminants control barrier applied as a coating. A middie section
includes a succession of thermal insulating layers of polymeric
thermoplastic or thermoforming material, each of which is coated
with a metal deposit of high infrared emissivity and low solar
radiation absorption characteristics and separated from adjacent
insulating layers by a low thermal conductance material. The
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covering includes a radiation attenuating layer of a tungsten-loaded
polymeric elastomer binder for protecting against bremsstrahiung
radiation and an inner layer of rip-stop polyester material for
abrasion protection. A chloroprene coating may be supplied by
polyester-material for added micrometeroid protection. Securing
the means of low heat conductance material secures the
multi-layers together as a laminar composite. NASA

N89-12207*#  National Aeronautics and Space Administration.
Ames Research Center, Moffett Field, CA.
A SURVEY OF SOME REGENERATIVE PHYSICO-CHEMICAL
LIFE SUPPORT TECHNOLOGY
THEODORE WYDEVEN Nov. 1988 43 p
(NASA-TM-101004; A-88189; NAS 1.15:101004) Avail: NTIS HC
AQ3/MF AO1 CSCL 06/11

To date, manned spaceflight has used the relatively simple
support methodology of bringing all the necessary water, oxygen,
and food for the duration of the mission, and collecting and storing
waste products for return to Earth. This is referred to as an open
system. It was recognized early as manned missions became
fonger and crew size increased, that the weight, volume, and
transportation penalties of storing or routinely resupplying
consumables would at some point become too expensive. Since
the early 1960’s regenerative ECLSS technology has been under
development, and there now exists a foundation in both systems
definition and subsystem technology to support long-duration
manned missions. In many cases this development has reached
the engineering prototype stage for physico-chemical subsystems
and in this article some of these subsystems are described.
Emphasis is placed on physico-chemical waste conversion and
related processes which provide sustenance and not on
environmental factors or subsystems, e.g., temperature and
humidity control, spacecraft architecture, lighting, etc. Author

NB9-13885# Naval Health Research Center, San Diego, CA.
A REVIEW OF PSYCHOLOGICAL STUDIES IN THE US
ANTARCTIC PROGRAMME Final Report
E. K. ERIC GUNDERSON and LAWRENCE A. PALINKAS
28 Apr. 1988 18p
(Contract NSF DPP-87-16461)
(AD-A198924; NHRC-88-17)  Avail: NTIS HC A03/MF A0t
CSCL 05/8

Psychological studies were initiated at U.S. Antarctic stations
during the International Geophysical Year of 1957 to 1958. Attitude
and symptom questionnaires, supervisor ratings, and sociometric
tests were administered to several wintering groups. A more
comprehensive program of psychological studies, designed to
develop selection criteria for screening Antarctic personnel, was
instituted in 1962 by the U.S. Navy. A general concept of individual
performance or adjustment emerged from earlier studies that
included three essential components: task motivation, emotional
stability, and social compatibility. Two methods, supervisor ratings
and peer nominations, were used to measure these behavior
components, and convergent and discriminant validities were
evaluated. Regression equations were then developed to predict
each behavior factor for each of three occupational groups, Navy
construction personnel, Navy Administrative and technical
personnel, and civilian scientists. Recent studies have focused on
the impact of wintering-over stresses on long-term health and
adjustment of participants. The stressors associated with prolonged
isolation in a harsh environment appear to be mediated by
personality, environmental, and sociocultural factors. GRA

N89-13889"#  National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.

DON/DOFF SUPPORT STAND FOR USE WITH REAR ENTRY
SPACE SUITS Patent Application

JOSEPH J. KOSMO, inventor (to NASA), TERRY O. TRI, inventor
(to NASA), WILLIAM E. SPENNY, inventor (to NASA), and PHILIP
R. WEST, inventor (to NASA) 19 Jul. 1988 22 p
(NASA-CASE-MSC-21364-1; NAS 1.71:MSC-21364-1;
US-PATENT-APPL-SN-221472) Avail: NTIS HC A03/MF A01
CSCL 06/11
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A don/doff support stand for use with rear entry space suits
is disclosed. The support stand is designed for use in one-g
environments; however, certain features of the stand can be used
on future spacecraft, lunar, or planetary bases. The present
invention has a retainer which receives a protrucing lug fixed on
the torso section of the space suit. When the lug is locked in the
retainer, the space suit is held in a generally upright position. In a
one-g environment a portable ladder is positioned adjacent to the
rear entry of the space suit supported by the stand. The astronaut
climbs up the ladder and grasps a hand bar assembly positioned
above the rear entry. The astronaut then slips his legs through
the open rear entry and down into the abdominal portion of the
suite. The astronaut then lowers himself fully into the suit. The
portable ladder is then removed and the astronaut can close the
rear entry door. The lug is then disengaged from the retainer and
the astronaut is free to engage in training exercises in the suit.
When suit use is over, the astronaut returns to the stand and
inserts the lug into the retainer. A technician repositions the ladder.
The astronaut opens the rear entry door, grasps the hand bar
assembly and does a chin-up to extricate himself from the suit.
The astronaut climbs down the movable ladder while the suit is
supported by the stand. NASA

N89-13893* # Hamilton Standard Div., United Aircraft Corp.,
Windsor Locks, CT.
MODEL DESCRIPTION DOCUMENT FOR A COMPUTER
PROGRAM FOR THE EMULATION/SIMULATION OF A SPACE
STATION ENVIRONMENTAL CONTROL AND LIFE SUPPORT
SYSTEM (ESCM)
JAMES L. YANOSY Sep. 1988 68 p
(Contract NAS1-17397)
(NASA-CR-181737; NAS 1.26:181737; SVHSER-9504) Avail:
NTIS HC A04/MF A01 CSCL 05/8

Emulation/Simulation Computer Model (ESCM) computes the
transient performance of a Space Station air revitalization
subsystem with carbon dioxide removal provided by a solid amine
water desorbed subsystem called SAWD. This manual describes
the mathematical modeling and equations used in the ESCM. For
the system as a whole and for each individual component, the
fundamental physical and chemical laws which govern their
operations are presented. Assumptions are stated, and when
necessary, data is presented to support empirically developed
relationships. Author

N89-13894* # Hamilton Standard Div., United Aircraft Corp.,
Windsor Locks, CT.
UTILITY OF EMULATION AND SIMULATION COMPUTER
MODELING OF SPACE STATION ENVIRONMENTAL CONTROL
AND LIFE SUPPORT SYSTEMS
JAMES L. YANOSY Sep. 1988 43 p
(Contract NAS1-17397)
(NASA-CR-181739; NAS 1.26:181739; SVHSER-10640) Avail:
NTIS HC A03/MF A01 CSCL 05/8

Over the years, computer modeling has been used extensively
in many disciplines to solve engineering problems. A set of
computer program tools is proposed to assist the engineer in the
various phases of the Space Station program from technology
selection through flight operations. The development and
application of emulation and simulation transient performance
modeling tools for life support systems are examined. The resuits
of the development and the demonstration of the utility of three
computer models are presented. The first model is a detailed
computer model (emulation) of a solid amine water desorbed
(SAWD) CO2 removal subsystem combined with much less detailed
models (simulations) of a cabin, crew, and heat exchangers. This
model was used in parallel with the hardware design and test of
this CO2 removal subsystem. The second model is a simulation
of an air revitalization system combined with a wastewater
processing system to demonstrate the capabilities to study
subsystem integration. The third model is that of a Space Station
total air revitalization system. The station configuration consists of
a habitat module, a lab module, two crews, and four connecting
nodes. Author
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N89-15529*# California Univ., Davis. Dept. of Psychology.
IMPLICATIONS OF PRIVACY NEEDS AND INTERPERSONAL
DISTANCING MECHANISMS FOR SPACE STATION DESIGN
ALBERT A. HARRISON, ROBERT SOMMER, NANCY
STRUTHERS, and KATHLEEN HOYT Aug. 1988 53 p
(Contract NAG2-357)
(NASA-CR-177500; NAS 1.26:177500) Avail: NTIS HC A04/MF
A01 CSCL 05/9

Isolation, confinement, and the characteristics of microgravity
will accentuate the need for privacy in the proposed NASA space
station, yet limit the mechanism available for achieving it. This
study proposes a quantitative model for understanding privacy,
interpersonal distancing, and performance, and discusses the
practical implications for Space Station design. A review of the
relevant literature provided the basis for a database, definitions of
physical and psychological distancing, loneliness, and crowding,
and a quantitative model of situational privacy. The model defines
situational privacy (the match between environment and task), and
focuses on interpersonal contact along visual, auditory, olfactory,
and tactile dimensions. It involves summing across pairs of crew
members, contact dimensions, and time, yet also permits separate
analyses of subsets of crew members and contact dimensions.
The study concludes that performance will benefit when the type
and level of contact afforded by the environment align with that
required by the task. The key to achieving this is to design a
flexible, definable, and redefinable interior environment that
provides occupants with a wide array of options to meet their
needs for solitude, limited social interaction, and open group
activity. The report presents 49 recommendations in five categories
to promote a wide range of privacy options despite the space
station’s volumetric limitations. Author

N89-15530*#  Washington Univ., Seattle. Coll. of Architecture
and Urban Planning.
THE QUANTITATIVE MODELLING OF HUMAN SPATIAL
HABITABILITY
JAMES A. WISE, CHERLY GEISENDORFER, BEVERLY TIEDJE,
DAVID LANTRIP, BRIAN JOHNSON, and GLEN
GEISENDORFER Aug. 1988 156 p
{Contract NAG2-346)
(NASA-CR-177501; NAS 1.26:177501) Avail: NTIS HC A08/MF
A01 CSCL 05/9

A theoretical model for evaluating human spatial habitability
(HuSH) in the proposed U.S. Space Station is developed. Optimizing
the fitness of the space station environment for human occupancy
will help reduce environmental stress due to long-term isolation
and confinement in its small habitable volume. The development
of tools that operationalize the behavioral bases of spatial volume
for visual kinesthetic, and social logic considerations is suggested.
This report further calls for systematic scientific investigations of
how much real and how much perceived volume people need in
order to function normally and with minimal stress in space-based
settings. The theoretical model presented in this report can be
applied to any size or shape interior, at any scale of consideration,
for the Space Station as a whole to an individual enclosure or
work station. Using as a point of departure the Isovist modetl
developed by Dr. Michael Benedikt of the U. of Texas, the report
suggests that spatial habitability can become as amenable to
careful assessment as engineering and life support concerns.

Author

N89-15632*# Washington Univ., Seattle. Dept. of Psychology.
THE HUMAN FACTORS OF COLOR IN ENVIRONMENTAL
DESIGN: A CRITICAL REVIEW
LEE ROY BEACH, BARBARA K. WISE, and JAMES A. WISE
Aug. 1988 138 p
(Contract NCC2-404)
(NASA-CR-177498; NAS 1.26:177498) Avail: NTIS HC AO7/MF
A01 CSCL 05/9

The literature on environmental color to enhance habitability
in the design of Space Station interiors is reviewed. Some 200
studies were examined to determine the relative contributions of
the three dimensions of color (hue, saturation, and brightness or

lightness) to responses to environmental colorations. Implications
of the study for color usage in novel settings and locales include:
(1) There are no hard-wired linkages between environmental colors
and particular judgmental or emotional states; (2) Perceptual
impressions of color applications can, however, affect experiences
and performances in settings; (3) Color behavior studies cannot
yet specify an optimal color scheme, but instead must consider
differing objectives, the relative importance of each, and design
features such as the coordination of geometry, color, texture, etc.;
(4) Some color-behavior effects are governed by low-level retinal
and limbal mechanisms as well as by cognitive processes; and
(5) Colors should first be specified in terms of what they are to
do instead of what they are. Some exercise of choice is therefore
needed to establish a sense of personal competence in the setting,
since color must be ultimately be accepted by the people who
are to live with it. Author

N89-15535*# Life Systems, Inc., Cleveland, OH.
ALKALINE STATIC FEED ELECTROLYZER BASED OXYGEN
GENERATION SYSTEM Final Report
L. D. NOBLE, A. J. KOVACH, F. A. FORTUNATO, F. H. SCHUBERT,
and D. J. GRIGGER Oct. 1988 93 p
(Contract NAS9-17602)
(NASA-CR-172093; NAS 1.26:172093; TR-925-96) Avail: NTIS
HC A05/MF A0t CSCL 06/11

In preparation for the future deployment of the Space Station,
an R and D program was established to demonstrate integrated
operation of an alkaline Water Electrolysis System and a fuel cell
as an energy storage device. The program’s scope was revised
when the Space Station Control Board changed the energy storage
baseline for the Space Station. The new scope was aimed at the
development of an alkaline Static Feed Electrolyzer for use in an
Environmental Control/Life Support System as an oxygen
generation system. As a result, the program was divided into two
phases. The phase 1 effort was directed at the development of
the Static Feed Electrolyzer for application in a Regenerative Fuel
Cell System. During this phase, the program emphasized
incorporation of the Regenerative Fuel Cell System design
requirements into the Static Feed Electrolyzer electrochemical
module design and the mechanical components design. The
mechanical components included a Pressure Control Assembly, a
Water Supply Assembly and a Thermal Control Assembly. These
designs were completed through manufacturing drawing during
Phase 1. The Phase 2 effort was directed at advancing the Alkaline
Static Feed Electrolyzer database for an oxygen generation system.
This development was aimed at extending the Static Feed
Electrolyzer database in areas which may be encountered from
initial fabrication through transportation, storage, launch and
eventual Space Station startup. During this Phase, the Program
emphasized three major areas: materials evaluation, electrochemical
module scaling and performance repeatability and Static Feed Elec-
trolyzer operational definition and characterization. Author

N89-15801*#  National Aeronautics and Space Administration.
Marshall Space Flight Center, Huntsville, AL.
DISPOSITION OF RECOMMENDED MODIFICATIONS OF JSC
30426
JAMES F. SPANN, ed. /n its Space Station Induced Monitoring
p 71-76  Nov. 1988
Avail: NTIS HC A0O5/MF AQ1 CSCL 22/2

On May 11, 1988 changes and additions to the Space Station
External Contamination Control Document JSC 30426 were
addressed at length as part of the charter of this workshop. The
modifications and disposition thereof are given below in a concise
form in order that a clear understanding of the recommendations
and current status be presented. The format is that each paragraph
under question is given along with the proposed modified paragraph
followed by the workshop's disposition. In some cases, a brief
explanation of the issue is given prior to the paragraph in
question. Author
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N89-20071"#
Chemistry.
EVALUATION OF AVAILABLE ANALYTICAL TECHNIQUES
FOR MONITORING THE QUALITY OF SPACE STATION
POTABLE WATER Final Report
RICHARD D. GEER /n NASA, Lyndon B. Johnson Space Center,
National Aeronautics and Space Administration (NASA)/American
Society for Engineering Education (ASEE) Summer Faculty
Fellowship Program 1988, Volume 1 15 p  Feb. 1989
Avail: NTIS HC A0S/MF A01 CSCL 06/11

To assure the quality of potable water (PW) on the Space
Station (SS) a number of chemical and physical tests must be
conducted routinely. After reviewing the requirements for potable
water, both direct and indirect analytical methods are evaluated
that could make the required tests and improvements compatible
with the Space Station operation. A variety of suggestions are
made to improve the analytical techniques for SS operation. The
most important recommendations are: (1) the silver/silver chloride
electrode (SB) method of removing | sub 2/1 (-) biocide from the
water, since it may interfere with analytical procedures for PW
and aiso its end uses; (2) the orbital reactor (OR) method of
carrying out chemistry and electrochemistry in microgravity by using
a disk shaped reactor on an orbital table to impart artificial G
force to the contents, allowing solution mixing and separation of
gases and liquids; and (3) a simple ultra low volume highly sensitive
electrochemical/conductivity detector for use with a capillary zone
electrophoresis apparatus. It is also recommended, since several
different conductivity and resistance measurements are made
during the analysis of PW, that the bipolar pulse measuring circuit
be used in all these applications for maximum compatibility and
redundancy of equipment. Author

Montana State Univ., Bozeman. Dept. of
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DYNAMICS AND CONTROLS

Inciudes descriptions of analytical techniques and computer codes,
trade studies, requirements and descriptions of orbit maintenance
systems, rigid and flexible body attitude sensing systems and
controls such as momentum wheels and/or propulsive schemes.

AB89-11651

DYNAMICS AND CONTROL OF LARGE STRUCTURES;
PROCEEDINGS OF THE SIXTH VPI&SU/AIAA SYMPOSIUM,
BLACKSBURG, VA, JUNE 29-JULY 1, 1987

L. MEIROVITCH, ED. (Virginia Polytechnic Institute and State
University, Blacksburg)  Symposium sponsored by the Virginia
Polytechnic Institute and State University and AIAA. Blacksburg,
VA, Virginia Polytechnic Institute and State University, 1988, 731
p. For individual items see A89-11652 to A89-11693.

Papers are presented on such topics as robustness optimization
for the control of flexible structures, square-root filtering for
continuous-time models of large space structures, a survey of
decentralized control techniques for large space structures, the
evaluation of two identification methods for damage detection in
large space trusses, a laboratory facility for flexible structure control
experiments, and the stability analysis of large space structure
control systems with delayed input. Consideration is also given to
the optimal contral of large flexible space structures, a modified
independent modal space control method for the active control of
flexible systems, robots for manipulation in a microgravity
environment, and the analysis and test of a space truss foldable
hinge. B.J.

AB89-11652#

SOME RECENT RESULTS ON ROBUSTNESS OPTIMIZATION
FOR CONTROL OF FLEXIBLE STRUCTURES

D. W. REW and J. L. JUNKINS (Texas A & M University, College
Station) IN: Dynamics and control of large structures; Proceedings

50

of the Sixth VPI&SU/AIAA Symposium, Blacksburg, VA, June
29-July 1, 1987. Blacksburg, VA, Virginia Polytechnic Institute and
State University, 1988, p. 1-16. refs

A novel method is presented for finding control gains which
satisfy eigenvalue placement constraints and maximize a measure
of closed-loop robustness (minimize the condition number of the
closed-loop eigenvectors). Numerical results were obtained for
several academic examples and this approach was applied
successfully to design a feedback law for the Rapid Retargeting
and Precision Pointing (R2P2) experiment. Both analytical and
numerical results are presented which demonstrate the application
to problems of moderate dimensionality (less than order 12), and
some comparisons with existing control design approaches are
summarized. Author

AB9-11653#
REDUCED-ORDER CONTROL DESIGN VIA THE OPTIMAL
PROJECTION APPROACH - A HOMOTOPY ALGORITHM FOR
GLOBAL OPTIMALITY
S. RICHTER (Harris Corp., Melbourne, FL)  IN: Dynamics and
control of large structures; Proceedings of the Sixth VPI&SU/AIAA
Symposium, Blacksburg, VA, June 29-July 1, 1987. Blacksburg,
VA, Virginia Polytechnic Institute and State University, 1988, p.
17-30. refs
{Contract F49620-86-C-0038) ‘
A homotopy algorithm for solving the optimal projection
equations (OPE) is presented. Questions of existence and the
number of solutions are also examined. It is shown that the number
of stabilizing solutions to the given optimal projection equations
can be determined and that all solutions can be computed via a
homotopic continuation from a simple problem. For an important
special case where the number of inputs or the number of outputs
to the system is less than or equal to the dimension of the
compensator, there is only one solution to the OPE, thus
guaranteeing that the globally optimum reduced order controller
can be computed. Author

AB9-11654"# PRC Kentron, Inc., Hampton, VA.
DIGITAL ROBUST ACTIVE CONTROL LAW SYNTHESIS FOR
LARGE ORDER FLEXIBLE STRUCTURE USING PARAMETER
OPTIMIZATION
V. MUKHOPADHYAY (PRC Kentron, Inc., Hampton, VA) IN:
Dynamics and control of large structures; Proceedings of the Sixth
VPI&SU/AIAA Symposium, Blacksburg, VA, June 29-July 1, 1987.
Blacksburg, VA, Virginia Polytechnic institute and State University,
1988, p. 31-44. NASA-supported research. refs

A generic procedure for the parameter optimization of a digital
control law for a large-order flexible flight vehicle or large space
structure modeled as a sampled data system is presented. A linear
quadratic Guassian type cost function was minimized, while
satisfying a set of constraints on the steady-state rms values of
selected design responses, using a constrained optimization
technique to meet multiple design requirements. Analytical
expressions for the gradients of the cost function and the design
constraints on mean square responses with respect to the control
law design variables are presented. B.J.

A89-11655"#
Pasadena.
RECURSIVE DYNAMICS OF TOPOLOGICAL TREES OF RIGID
BODIES VIA KALMAN FILTERING AND BRYSON-FRAZIER
SMOOTHING
G. RODRIGUEZ (California Institute of Technology, Jet Propulsion
Laboratory, Pasadena) IN: Dynamics and control of large
structures; Proceedings of the Sixth VPI&SU/AIAA Symposium,
Blacksburg, VA, June 29-July 1, 1987. Blacksburg, VA, Virginia
Polytechnic Institute and State University, 1988, p. 45-60. refs
The inverse and forward dynamics problems for a set of rigid
bodies connected by hinges to form a topological tree are solved
by using recursive techniques from linear filtering and smoothing
theory. An inward filtering sequence computes a set of constraint
moments and forces. This is followed by an outward sequence to
determine a corresponding set of angular and linear accelerations.

Jet Propulsion Lab., California Inst. of Tech.,



An inward sequence begins at the tips of all of the terminal bodies
of the tree and proceeds inwardly through all of the branches
until it reaches the root. Similarly, an outward sequence begins at
the root and propagates to all of the tree branches until it reaches
the tips of the terminal bodies. The paper also provides an approach
to evaluate recursively the composite multibody system inertia
matrix and its inverse. Author

A89-11668*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
ATTITUDE CONTROL SYSTEM TESTING ON SCOLE
J. SHENHAR, D. SPARKS, JR., J. P. WILLIAMS, and R. C.
MONTGOMERY (NASA, Langley Research Center, Hampton, VA)
IN: Dynamics and control of large structures; Proceedings of the
Sixth VPI&SU/AIAA Symposium, Blacksburg, VA, June 29-July 1,
1987. Blacksburg, VA, Virginia Polytechnic Institute and State
University, 1988, p. 251-273. refs

This paper presents implementation of two control policies on
SCOLE (Space Control Laboratory Experiment), a laboratory
apparatus representing an offset-feed antenna attached to the
Space Shuttle by a flexible mast. In the first case, the flexible
mast was restrained by cables, permitting modeling of SCOLE as
a rigid-body. Starting from an arbitrary state, SCOLE was
maneuvered to a specified terminal state using rigid-body
minimum-time control law. In the second case, the so called singie
step optimal control (SSOC) theory is applied to suppress vibrations
of the flexible mast mounted as a cantilever beam. Based on the
SSOC theory, two parameter optimization algorithms were
developed. Author

A89-11669*# Florida Univ., Gainesville.

PRACTICAL IMPLEMENTATION ISSUES FOR ACTIVE
CONTROL OF LARGE FLEXIBLE STRUCTURES

D. C. ZIMMERMAN (Florida, University, Gainesville) and H. H.
CUDNEY (New York, State University, Buffalo) IN: Dynamics
and control of large structures; Proceedings of the Sixth
VPI&SU/AIAA Symposium, Blacksburg, VA, June 29-July 1, 1987.
Blacksburg, VA, Virginia Polytechnic Institute and State University,
1988, p. 275-290. refs

(Contract NGT-33-183-801; NGT-33-183-802)

The effect of quantization due to the finite wordlength of
microprocessors, analog-to-digital, and digital-to-anatog converters,
on the desired control law for large flexible structures is
investigated. Additionally, the practical effect of actuator dynamics
on the stability and performance of the control law is addressed.
Finally, an active control experiment is reported which takes into
account and demonstrates some of the previously discussed
practical considerations. Author

AB89-11670#

EFFICIENCY OF STRUCTURE-CONTROL SYSTEMS

H. 0Z, K. FARAG (Ohio State University, Columbus), and V. B.
VENKAYYA (USAF, Flight Dynamics Laboratory, Wright-Patterson
AFB, OH) IN: Dynamics and control of large structures;
Proceedings of the Sixth VPI&SU/AIAA Symposium, Blacksburg,
VA, June 29-July 1, 1987. Blacksburg, VA, Virginia Polytechnic
Institute and State University, 1988, p. 291-311. refs

(Contract F33615-86-C-3212)

The paper examines a nondimensional measure, called the
efficiency, of structure-control system (SCS) performance which
has the potential to characterize both quantitatively and qualitatively
the designer’s ability to deal with some of the problem areas
such as the assessment of spillover effects, model order reduction,
input configuration, and the interaction between structural and
control variables from the SCS point of view. The efficiency of
the system is defined as the ratio of two control cost functionals
pertinent to the structure-control problem where each functional
represents an average control power consumed during the control
period. This concept is illustrated by investigating the efficiency of
various linear quadratic regulator solutions for the ACOSS-4
tetrahedral truss structure. B.J.
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A89-11671*# Howard Univ., Washington, DC.

STABILITY ANALYSIS OF LARGE SPACE STRUCTURE
CONTROL SYSTEMS WITH DELAYED INPUT

A. S. S. R. REDDY and P. M. BAINUM (Howard University,
Washington, DC)  IN: Dynamics and control of large structures;
Proceedings of the Sixth VPI&SU/AIAA Symposium, Blacksburg,
VA, June 29-July 1, 1987. Blacksburg, VA, Virginia Polytechnic
institute and State University, 1988, p. 313-321. refs

(Contract NSG-1414)

Large space structural systems, due to their inherent flexibility
and low mass to area ratio, are represented by large dimensional
mathematical models. For implementation of the control laws for
such systems a finite amount of time is required to evaluate the
control signals; and this time delay may cause instability in the
closed loop control system that was previously designed without
taking the input delay into consideration. The stability analysis of
a simple harmonic oscillator representing the equation of a single
mode as a function of delay time is analyzed analytically and
verified numerically. The effect of inherent damping on the delay
is also analyzed. The control problem with delayed input is also
formulated in the discrete time domain. Author

A89-11672"#
Blacksburg.
OPTIMAL LOCATION OF ACTUATORS FOR CORRECTING
DISTORTIONS DUE TO MANUFACTURING ERRORS IN
LARGE TRUSS STRUCTURES

R. BURDISSO and R. T. HAFTKA (Virginia Polytechnic Institute
and State University, Blacksburg) IN: Dynamics and control of
large structures; Proceedings of the Sixth VPI&SU/AIAA
Symposium, Blacksburg, VA, June 29-July 1, 1987. Biacksburg,
VA, Virginia Polytechnic Institute and State University, 1988, p.
323-342. refs

(Contract NAG1-224)

A continuum approximation to the calculation of the statistical
properties of the corrected shape of a beam fruss is presented,
and results of a comparison with the exact statistical analysis
were found to be very good. In addition, the position of the actuators
was optimized to minimize the weighted rms of the distortion using
the continuum analysis. The optimal design is shown to be 13.6
percent better than a uniform design for a parabolic weighting
function. It was also found that actuators located on the beam
face elements were more effective than actuators located on the
diagonal elements. B.J.

Virginia Polytechnic Inst. and State Univ,,

A89-11673*# Ohio State Univ., Columbus.

ADAPTIVE CONTROL TECHNIQUES FOR THE SCOLE
CONFIGURATION

K. OSSMAN, S. YURKOVICH, and U. OZGUNER (Chio State
University, Golumbus) IN: Dynamics and control of large structures;
Proceedings of the Sixth VPI&SU/AIAA Symposium, Blacksburg,
VA, June 29-July 1, 1987. Blacksburg, VA, Virginia Polytechnic
institute and State University, 1988, p. 343-358. refs

(Contract NAG1-720)

Two adaptive controllers designed for the Spacecraft Control
Laboratory Experiment (SCOLE) at NASA Langley Research Center
are discussed. The first controller is an adaptive model following
variable structure controller and the second is an indirect LQ
adaptive controller. For each technique, the design of the controller
is outlined and simulation results are presented. Plans for future
studies are also discussed. Author

AB9-11676#
AN INVESTIGATION OF THE TIME REQUIRED FOR CONTROL
OF STRUCTURES
J. K. BENNIGHOF and R. L. BOUCHER (Texas, University,
Austin) IN: Dynamics and contro! of large structures; Proceedings
of the Sixth VPI&SU/AIAA Symposium, Blacksburg, VA, June
29-July 1, 1987. Blacksburg, VA, Virginia Polytechnic Institute and
State University, 1988, p. 391-406. refs

The minimum time required for accomplishing rigid-body
translation of a flexible structure by means of a finite number of
unbounded inputs is investigated. It is found that, for less than a
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certain time interval for control, it is not possible to decrease the
amount of spillover energy by driving more flexible modes to zero
at the end of the control interval when a minimum-effort control
strategy is used. This time interval is identified as the minimum
time required for control of flexible structures, and it is closely
related to the time required for waves to travei through the structure.
For one-dimensional second-order systems, the minimum time is
equal to the time required for waves to travel between adjacent
pairs of actuators. A similar result is found for fourth-order
systems. Author

AB9-11677+#
OPTIMAL CONTROL OF LARGE FLEXIBLE SPACE
STRUCTURES USING DISTRIBUTED GYRICITY
C. J. DAMAREN and G. M. T. D’ELEUTERIO (Toronto, University,
Downsview, Canada) IN: Dynamics and control of large structures;
Proceedings of the Sixth VPI&SU/AIAA Symposium, Blacksburg,
VA, June 29-July 1, 1987. Blacksburg, VA, Virginia Polytechnic
institute and State University, 1988, p. 407-422. NSERC-supported
research. refs

An optimal formulation for the shape control of flexible
spacecraft using gyric actuators is proposed whereby the structure
is modeled as a continuum in mass, stiffness, and gyricity (i.e.,
stored angular momentum). The equations of motion are formulated
in continuum form, and the optimal control problem is treated
using distributed-parameter concepts. The advantages of the
concept of a continuous distribution of gyricity in modeling the
dynamics and control of large flexible spacecraft with many control
moment gyros is demonstrated by a numerical example. V.L

AB9-11679+#

ON A MODAL APPROACH TO THE CONTROL OF
DISTRIBUTED PARAMETER SYSTEMS

H. H. E. LEIPHOLZ (Waterloo, University, Canada) IN: Dynamics
and control of large structures; Proceedings of the Sixth
VPI&SU/AIAA Symposium, Blacksburg, VA, June 29-July 1, 1987.
Blacksburg, VA, Virginia Polytechnic Institute and State University,
1988, p. 439-452.

(Contract NSERC-A-7297)

In this paper it is shown that elastic systems may become
nonself-adjoint by automatic control. It is also shown that if the
control term that causes nonself-adjointness has a range of
regularity, the modal approach is applicable to the nonself-adjoint
problem within the range of regularity. Finally, it is shown how the
range of regularity or a subrange of it can be determined. Auth

uthor

A89-11683#
DYNAMICS AND CONTROL OF FLEXIBLE ROBOT
MANIPULATORS
H. BARUH and S. TADIKONDA (Rutgers University, New
Brunswick, NJ) IN: Dynamics and control of large structures;
Proceedings of the Sixth VPI&SU/AIAA Symposium, Blacksburg,
VA, June 29-July 1, 1987. Blacksburg, VA, Virginia Polytechnic
institute and State University, 1988, p. 529-547. refs

Issues associated with modeling and control of robots with
elastic arms are considered. An approach similar to substructure
synthesis is used, where each link is first modeled independent of
the others. The joint displacements are then used as constraints
to synthesize the equations of motion. Three different approaches
are discussed for the control design, depending on how much
one desires to include the contributions of the elastic behavior.

Author

A89-11686#

MODULAR LARGE SPACE STRUCTURES DYNAMIC

MODELING WITH NONPERFECT JUNCTIONS

F. B. ZAZZERA, A. E. FINZI, and P. MANTEGAZZA (Milano,

Politecnico, Milan, ltaly) IN: Dynamics and control of large

structures; Proceedings of the Sixth VPI&SU/AIAA Symposium,

Blacksburg, VA, June 29-July 1, 1987. Blacksburg, VA, Virginia

Polytechnic Institute and State University, 1988, p. 603-618. refs
The dynamics of modular repetitive structures is investigated

52

with emphasis on the effect of structural damping and imperfections
in the junctions between successive modules on the dispersion
relations. The structural transfer matrix is computed, and the
solution of the eigenvalue problem derived from the application of
Floquet's theory of partial differential equations with periodic
coefficients yields dispersion relations for the structure. It is shown
that a periodic structure behaves like a mechanical filter and that
junction imperfections can modify the passing and stopping bands
but do not eliminate the filtering properties. A control system is
proposed which allows the elimination of propagating waves.

V.L

AB9-11690*# Massachusetts Inst. of Tech., Cambridge.
ANALYSIS OF LIMIT CYCLES IN CONTROL SYSTEMS FOR
JOINT DOMINATED STRUCTURES

M. MERCADAL and W. E. VANDER VELDE (MIT, Cambridge,
MA)  IN: Dynamics and control of large structures; Proceedings
of the Sixth VPI&SU/AIAA Symposium, Blacksburg, VA, June
29-July 1, 1987. Blacksburg, VA, Virginia Polytechnic Institute and
State University, 1988, p. 661-680.

{Contract NAG1-126)

An approach to the modeling of limit cycles due to joint
nonlinearities in large joint dominated space structures is presented
which makes it possible to predict limit cycles and determine their
stability. An actively controlled truss structure with nonlinear joints
is modeled as a linear system with nonlinear feedback by separating
the joint load-displacement characteristics into a linear part, which
prevails at large displacements, and a nonlinear part. By replacing
the joints by their linear parts, it is possible to perform a standard
model decomposition which yields a reduced order linear model.
Linear control laws can be easily included into the linear part of
the system; nonlinear control laws can be implemented but they
must be fed back to the linear model. The modeling approach
described here allows straightforward limit cycle analysis. V.L

AB9-11814" lllinois Univ., Urbana.

AUTOMATICALLY RECONFIGURABLE CONTROL FOR RAPID
RETARGETING OF FLEXIBLE POINTING SYSTEMS

THOMAS A. W. DWYER, il (lllinois, University, Urbana) IN:
Space Station automation Ill; Proceedings of the Meeting,
Cambridge, MA, Nov. 2-4, 1987. Bellingham, WA, Society of
Photo-Optical Instrumentation Engineers, 1987, p. 75-82. Research
supported by Lockheed Missiles and Space Co. refs

(Contract NAG1-613)

A reconfigurable nonlinear control system design methodology
is proposed to automatically correct computed slew torque
commands of space-based pointing systems for the effects of
slew-induced structural deformations. The possibility of forcing an
elastic structure, such as that of a space-based instrument frame,
to deform in a preselected way in response to rapid slews is
demonstrated. To accomplish this, a supervisory controller must
select a pair of algorithms, one for structural counterexcitation
and the other for slew torque correction. It is shown how the
reachability and subsequent tracking of the appropriate ’'slow
manifold’, where the control algorithms are valid, can be ensured
by a fast tracking loop, with time-varying gain dependent only on
the commanded angular acceleration. K.K.

A89-12637 Howard Univ., Washington, DC.

THE OPTIMAL CONTROL OF ORBITING LARGE FLEXIBLE
BEAMS WITH DISCRETE-TIME OBSERVATIONAL DATA AND
RANDOM MEASUREMENT NOISE

GUANGQIAN XING and PETER M. BAINUM (Howard University,
Washington, DC)  IN: Astrodynamics 1987; Proceedings of the
AAS/AIAA Astrodynamics Conference, Kalispell, MT, Aug. 10-13,
1987. Part 1. San Diego, CA, Univelt, Inc., 1988, p. 161-183.
Research supported by Howard University and NASA. refs

(AAS PAPER 87-418)

The analysis and design of LQOR optimal digital controllers and
LQG optimal digital controllers and observers are presented for
the case of an orbiting long, slender flexible free-free beam system,
for which the output are the discrete-time noise-corrupted
observational data, and both the overall orientation as well as the



shape of some of the subsystems will be controlled. The effect of
the sampling period on the transient response for the LQR problem
and relationships between the locations of the controller poles
and the locations of observer poles have been studied. The
simulations certify the analysis and design of digital optimal
controllers and observers. Author
AB89-12662" Jet Propulsion Lab., California Inst. of Tech,
Pasadena.

PIEZOELECTRIC POLYMER-BASED ISOLATION MOUNT FOR
ARTICULATED POINTING SYSTEMS ON LARGE FLEXIBLE
SPACECRAFT

SAMUEL W. SIRLIN (California Institute of Technology, Jet
Propulsion Laboratory, Pasadena) IN: Astrodynamics 1987;
Proceedings of the AAS/AIAA Astrodynamics Conference,
Kalispell, MT, Aug. 10-13, 1987. Part 1. San Diego, CA, Univelt,
Inc., 1988, p. 613-627. refs

(AAS PAPER 87-456)

When a pointing system is attached to a large flexible body
that is subject to continuous excitation, a mechanical isolator
becomes a key element in achieving high performance. An active
softmount based on the piezoelectric polymer poly (vinylidene
fluoride) is considered here for use in a precision pointing system
for Space Station. A finite element model of the softmount is
developed and added to simple Space Station and payload models
for performance analysis. Both linear frequency domain and
nonlinear time domain simulations are carried out in order to
demonstrate the wideband disturbance rejection capabilities of the
design. Nonlinear geometric effects of large nodal deflections are
also considered. Author

A89-12674

DEPLOYMENT, POINTING, AND SPIN OF
ACTIVELY-CONTROLLED SPACECRAFT CONTAINING
ELASTIC BEAM-LIKE APPENDAGES

R. R. RYAN (Michigan, University, Ann Arbor) IN: Astrodynamics
1987; Proceedings of the AAS/AIAA Astrodynamics Conference,
Kalispell, MT, Aug. 10-13, 1987. Part 2. San Diego, CA, Univelt,
Inc., 1988, p. 853-876. refs

(AAS PAPER 87-478)

A comprehensive theory and equations of motion are presented
for a free-flying rigid body with flexible beamlike appendages. It is
shown that, in order to accurately simulate general aerospace
structures undergoing large overall motions and small deformations,
it is necessary to treat each distinct type of structural element
comprising the system in a special way. The advantage of this
modal theory over nonlinear finite element techniques is
discussed. K.K.

AB9-12678

DYNAMICS AND CONTROL ANALYSIS OF A SATELLITE
WITH A LARGE FLEXIBLE SPINNING ANTENNA

P. H. MAK, M. M. TONG, and A. B. JENKIN (Aerospace Corp.,
Control Analysis Dept., El Segundo, CA) IN: Astrodynamics 1987,
Proceedings of the AAS/AIAA Astrodynamics Conference,
Kalispell, MT, Aug. 10-13, 1987. Part 2. San Diego, CA, Univelt,
Inc., 1988, p. 935-951.

(Contract F04701-85-C-0086)

(AAS PAPER 87-482)

A feasibility study was carried out on a low-frequency microwave
radiometer (LFMR) with a 20-ft diameter deployable truss antenna
spinning asymmetrically at 15.8 rpm onboard a 3-axis stabilized
spacecraft for the N-ROSS mission. No significant interactions
were observed between the attitude control system and the flexible
structures. The attitude pointing requirement can be met if the
LFMR is properly balanced. The spin-induced deformation in the
flexible structure is indicative of a relatively small sensor boresight
pointing error. K.K.

A89-13394#

A RECURSIVE FORMULATION FOR THE DYNAMIC ANALYSIS
OF OPEN LOOP DEFORMABLE MULTIBODY SYSTEMS

K. CHANGIZI and A. A. SHABANA (lllinois, University, Chicago)
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ASME, Transactions, Journal of Applied Mechanics (ISSN
0021-8936), vol. 55, Sept. 1988, p. 687-693. refs

(Contract DAALO3-87-K-0124)

(AD-A203248)

A recursive formulation for the spatial kinematic and dynamic
analysis of open chain mechanical systems containing
interconnected deformable bodies is proposed. The large rotational
and translational displacements of a set of intermediate joint axes
are described using a minimum set of relative translational and
rotational coordinates. The method can be used to study the spatial
dynamics of open ioop mechanical systems containing revolute,
prismatic, and cylindrical joints. R.R.

AB9-16160#
POLE-ZERO MODELING OF FLEXIBLE SPACE STRUCTURES
BONG WIE (Texas, University, Austin) and ARTHUR E. BRYSON,
JR. (Stanford University, CA) Journal of Guidance, Control, and
Dynamics (ISSN 0731-5090}), vol. 11, Nov.-Dec. 1988, p. 554-561.
refs

Generic models of flexible space structures are investigated
from the infinite discrete-spectrum viewpoint of distributed
parameter systems. The models are simple enough to treat
analytically, yet complicated enough to demonstrate the practical
usefuiness of the transcendental-transfer-function modeling for the
purposes of preliminary control synthesis. Transfer functions of
the various generic models are derived analytically, and their
pole-zero patterns are investigated. The alternating pole-zero
pattern of a transfer function from an actuator to the colocated
sensor is well known. 1t is, however, newly found that in certain
colocated cases, each mode has an associated zero of higher
frequency than the pole; in fact, the rigid-body mode has an
associated zero very close to the origin. This direct transmission
property must be taken into consideration when designing large
space structures such as the dual-keel Space Station, which has
a pole-zero pattern very similar to that of the generic models.
The practical significance of such pole-zero patterns on colocated
control is discussed. Author

AB9-16508"# Auburn Univ., AL.

ANALYSIS OF COILS OF WIRE ROPE ARRANGED FOR
PASSIVE DAMPING

M. A. CUTCHINS, J. E. COCHRAN, JR., K. KUMAR (Auburn
University, AL), N. G. FITZ-COY, and M. L. TINKER International
Conference on Recent Advances in Structural Dynamics, 3rd,
Southampton, England, July 18-22, 1988, Paper. 12 p. refs
(Contract NAGB-532; NAGB-647)

Vibration dampers constructed with muitiple loops of wire rope
are studied. The literature on such devices is reviewed briefly,
and dynamic and static models of them are examined. Fundamental
and advanced NASTRAN models for wire rope damping are
considered. C.D.

A89-16709* Ohio State Univ., Columbus.

MODEL REFERENCE, SLIDING MODE ADAPTIVE CONTROL
FOR FLEXIBLE STRUCTURES

S. YURKOVICH, U. OZGUNER, and F. AL-ABBASS (Ohio State
University, Columbus) Journal of the Astronautical Sciences (ISSN
0021-9142), vol. 36, July-Sept. 1988, p. 285-310. refs

(Contract NASA ORDER L-91188-B)

A decentralized model reference adaptive approach using a
variable-structure sliding model control has been deveioped for
the vibration suppression of large flexible structures. Local modeis
are derived based upon the desired damping and response time
in a model-following scheme, and variable structure controliers
are then designed which employ colocated angular rate and position
feedback. Numerical simulations have been performed using
NASA'’s flexible grid experimental apparatus. R.R.

AB9-17642#

THE ROLE OF PILOT AND AUTOMATIC ONBOARD SYSTEMS
IN FUTURE RENDEZVOUS AND DOCKING OPERATIONS

W. FEHSE, A. TOBIAS (ESA, European Space Research and
Technology Centre, Noordwijk, Netherlands), A. GETZSCHMANN
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(MBB-ERNO Raumfahrttechnik GmbH, Bremen, Federal Republic
of Germany), M. CALDICHOURY (Matra, S.A., Toulouse, France),
P. MAUTE (Aerospatiale, Cannes, France) et al. IAF, international
Astronautical Congress, 39th, Bangalore, India, Oct. 8-15, 1988.
12 p.

(IAF PAPER 88-037)

The planned European Space Infrastructure with its elements,
e.g., the Hermes Spaceplane and the Columbus Man-Tended Free
Flyer (MTFF) requires for Europe novel space operations such as
rendezvous and docking (RVD) or berthing of manned spacecraft.
The European Space Agency (ESA), therefore, decided to
investigate the role of a pilot during RVD operations within a highly
automated spacecraft. An analysis of requirements, of the tasks
to be performed on-board during RVD operations, of the possibilities
of interaction by a pilot with an automated Guidance, Navigation
and Control (GNC) system, and of the necessary Man-Machine
interfaces (MMI) had to be performed to arrive at first answers to
the questions of man-machine interaction in modern spacecraft
control. The results of this analysis are presented and discussed
for the example of a Hermes mission to service the Columbus
MTFF. Proposals for specific MMI displays and their arrangement
in the cockpit, which could be useful during rendezvous operations
for GNC and mission management are presented. Author

AB9-17648+#

A FLIGHT EXPERIMENT OF FLEXIBLE SPACECRAFT
ATTITUDE CONTROL

T. KIDA, I. YAMAGUCHI, Y. OHKAMI (National Aerospace
Laboratory, Chofu, Japan), S. ICHIKAWA, and Y. KAWADA
(National Space Development Agency of Japan, Tokyo) IAF,
International Astronautical Congress, 39th, Bangalore, India, Oct.
8-15, 1988. 6 p.

(IAF PAPER 88-044)

Plans for a flight experiment of the flexible spacecraft
Engineering Test Satellite VI (ETS-IV) are outlined. The ETS-IV is
expected to be launched in 1992. The flight experiment is planned
to demonstrate the capabilities of the attitude and flexible vibration
control and the indentification algorithm of a class of spacecraft
with flexible appendages. It is suggested that the results could
serve as a base-line of a class of future large space structures
modeling and controlling technology. R.B.

AB9-18432
MOTION OF A GRAVITY GRADIENT SATELLITE WITH
HYSTERESIS RODS IN A POLAR-ORBIT PLANE [DVIZHENIE
GRAVITATSIONNO-ORIENTIROVANNOGO SPUTNIKA S
GISTEREZISNYMI STERZHNIAMI V PLOSKOST! POLIARNOI
ORBITY]
V. A. SARYCHEV, V. |. PEN'’KOV, M. IU. OVCHINNIKOV, and A.
D. GERMAN Kosmicheskie Issledovaniia (ISSN 0023-4206), vol.
26, Sept.-Oct. 1988, p. 654-668. In Russian. refs

The small oscillations of a three-axis gravity gradient satellite
are analyzed. The energy of its oscillations is dissipated in
hysteresis rods as they are magnetized in the geomagnetic field.
Various oscillation damping laws depending on the orientation of
the rods in the body are obtained. B.J.

AB89-18436
DYNAMICS OF A SPACECRAFT WITH DIRECT ACTIVE
CONTROL OF THE GRAVITY GRADIENT STABILIZER
[DINAMIKA KOSMICHESKOGO APPARATA S PRIAMYM
AKTIVNYM UPRAVLENIEM GRAVITATSIONNYM
STABILIZATOROM])
E. M. POTAPENKO Kosmicheskie Issledovaniia (ISSN 0023-4206),
vol. 26, Sept.-Oct. 1988, p. 699-708. In Russian. refs

Equations of spacecraft motion are obtained with allowance
for an arbitrary but finite number of tons of elastic oscillations of
a controlled gravity gradient stabilizer. A dynamic controller is used
to optimize the spacecraft attitude control and stabilization system
with allowance for the first tone of the elastic osciliations. B.J.

A89-20582
A COVARIANCE CONTROL THEORY
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ANTHONY F. HOTZ and ROBERT E. SKELTON (Purdue University,
West Lafayette, IN) IN: Control and dynamic systems. Volume
26. Part 2. San Diego, CA, Academic Press, Inc., 1987, p.
225-276. refs

A theory for designing feedback controliers is developed which
assigns a specified covariance to the closed loop system. The
theory is restricted to linear time-invariant systems with constant
gain state feedback or state-estimate feedback controllers. The
principal theorems and a design example are presented. V.L.

A89-20601

ROBOTICS AND FACTORIES OF THE FUTURE '87;
PROCEEDINGS OF THE SECOND INTERNATIONAL
CONFERENCE, SAN DIEGO, CA, JULY 28-31, 1987

R. RADHARAMANAN, ED. (San Diego State University, CA)
Conference sponsored by the International Society for Productivity
Enhancement, San Diego State University, U.S. Navy, et al. Berlin
and New York, Springer-Verlag, 1988, 862 p. For individual items
see A89-20602 to A89-20610.

The conference presents papers on planning of automation,
CAD/CAM, CIM/FMS, kinematic analysis, dynamics and control,
trajectory planning, and sensors and vision systems. Other topics
include Al and expert systems, mobile robots/robotic devices, robot
applications, automation and innovation in mining, and CAD/CAM
and robotics education/training. Particular attention is given to the
use of CAD systems in the design of Space Station and space
robots, a kinematic model of flexible robot arms, and a
state-of-the-art survey of robot programming languages. K.K.

AB89-20607
CONTROLLER DESIGN AND DYNAMIC SIMULATION OF
ELASTIC ROBOT ARM MOUNTED IN SPACECRAFT IN
PRESENCE OF UNCERTAINTY
SAHJENDRA N. SINGH (Nevada, University, Las Vegas) IN:
Robotics and factories of the future '87; Proceedings of the Second
International Conference, San Diego, CA, July 28-31, 1987. Berlin
and New York, Springer-Verlag, 1988, p. 347-354. refs

The paper presents an approach to the control of an uncertain
nonlinear flexible robotic system. A robot arm (PUMA-type) with
three rotational joints is considered. The third link is assumed to
be elastic. A torquer control law is derived for controlling the joint
angles. For damping of the elastic vibration, a force control law
using modal velocity feedback is synthesized. Simulation results
are presented to show that combination of the torque and force
control law accomplishes reference joint angle trajectory tracking
and elastic mode stabilization in spite of the uncertainty in the
system. Author

AB9-20830

GUIDANCE AND CONTROL 1988; PROCEEDINGS OF THE
ANNUAL ROCKY MOUNTAIN GUIDANCE AND CONTROL
CONFERENCE, KEYSTONE, CO, JAN. 30-FEB. 3, 1988
ROBERT D. CULP, ED. (Colorado, University, Boulder) and PAUL
L. SHATTUCK, ED. (Martin Marietta Astronautics Co., Denver,
CO)  Conference sponsored by AAS. San Diego, CA, Univelt,
Inc., 1988, 576 p. For individual items see A89-20831 to
A89-20857.

Spacecraft attitude control and autonomy are discussed as
well as guidance and control storyboard displays, offboard
navigation and attitude systems, Space Station system control
techniques, and recent experiences. Topics include an EOS
integrated payload articulation and identification, automated
low-thrust guidance for the orbital maneuvering vehicle, dithered
ring laser gyros for angular rate stabilization of tracking systems,
and attitude determination using GPS measurement techniques.
Consideration is also given to quiet structures for precision pointing,
on-orbit guidance for the Delta 180 mission, and Titan 34D-9 failure
investigation and recovery. K.K.

AB9-20845

CONTROL MOMENT GYROSCOPE CONFIGURATIONS FOR
THE SPACE STATION

MARC MEFFE (Honeywell, Inc., Satellite Systems Div., Glendale,



AZ) IN: Guidance and control 1988; Proceedings of the Annual
Rocky Mountain Guidance and Control Conference, Keystone, CO,
Jan. 30-Feb. 3, 1988. San Diego, CA, Univelt, Inc., 1988, p.
269-292.

(AAS PAPER 88-040)

Thirteen control moment gyroscope (CMG) arrays were
analyzed to parametrically determine penalties in weight, power,
volume, safety, maintainability, verification requirements, control
requirements, and life-cycle costs. One of the single-gimbal CMG
arrays provided the best solution for the Space Station’s active
momentum exchange. When compared on an equal reliability basis,
single-gimbal CMG arrays outperformed equivalent double-gimbal
arrays. K.K.

AB89-20848

OVERVIEW OF SPACE STATION ATTITUDE CONTROL
SYSTEM WITH ACTIVE MOMENTUM MANAGEMENT

JOHN A. YEICHNER, JOHN F. L. LEE (Honeywell, Inc., Space
and Strategic Div., Clearwater, FL), and DAVE BARROWS
(McDonnell Douglas Astronautics Co., Space Station Div,,
Huntington Beach, CA) IN: Guidance and controt 1988,
Proceedings of the Annual Rocky Mountain Guidance and Control
Conference, Keystone, CO, Jan. 30-Feb. 3, 1988. San Diego, CA,
Univelt, Inc., 1988, p. 355-372. refs

(AAS PAPER 88-044)

An approach to the development and implementation of the
Space Station’s attitude control system (ACS) is presented.
Problems such as controllability during build-up, multibody flexure
stabilization, and attitude control impact during mobile service
center operations are addressed. An ACS with an active momentum
management system whose design is based on an integrated
control moment gyro and reaction-jet control system concept is
described. K.K.

AB9-20849* Ohio Univ., Athens,

FORMULATION AND VERIFICATION OF FREQUENCY
RESPONSE SYSTEM IDENTIFICATION TECHNIQUES FOR
LARGE SPACE STRUCTURES

JERREL R. MITCHELL (Ohio University, Athens), VICTORIA L.
JONES (Control Dynamics Co., Huntsville, AL), and CHARLES P.
PLANT IN: Guidance and control 1988; Proceedings of the Annual
Rocky Mountain Guidance and Control Conference, Keystone, CO,
Jan. 30-Feb. 3, 1988. San Diego, CA, Univelt, Inc., 1988, p.
373-398. refs

(Contract NAS8-35835)

(AAS PAPER 88-045)

The advantages of designing control systems for large space
structures (LSS) using frequency-domain models extracted from
empirical time data are discussed. Techniques for performing MIMO
system identification from test data are presented as well as
techniques for improving the performance of the system
identification process in the presence of noise. The utility of the
proposed system identification scheme is demonstrated on the
basis of experimental data obtained at the LSS Ground Test Facility
at Marshall Space Flight Center. K.K.

A89-20850

QUIET STRUCTURES FOR PRECISION POINTING

P. A. STUDER (Magnetic Concepts, Silver Spring, MD) and H. W.
DAVIS (Ball Corp., Ball Aerospace Systems Div., Boulder, CO)
IN: Guidance and control 1988; Proceedings of the Annual Rocky
Mountain Guidance and Control Conference, Keystone, CO, Jan.
30-Feb. 3, 1988. San Diego, CA, Univelt, inc., 1988, p. 399-416.
refs

(AAS PAPER 88-046)

The feasibility of immediately implementing quiet structures for
the Space Station Polar Orbiting Platforms and other generic
platform applications is demonstrated. The quiet structure system
will provide both distortion control and dynamic control to
accommodate a wide range of disturbance frequencies. Challenges
to traditional design approaches are discussed with attention given
to the shortcomings of flexible spacecraft structures. K.K.
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AB89-22510+#
PLANAR, TIME-OPTIMAL, REST-TO-REST SLEWING
MANEUVERS OF FLEXIBLE SPACECRAFT
GURKIRPAL SINGH, PIERRE T. KABAMBA, and N. HARRIS
MCCLAMROCH (Michigan, University, Ann Arbor) Journal of
Guidance, Control, and Dynamics (ISSN 0731-5090), vol. 12,
Jan.-Feb. 1989, p. 71-81. refs

The control problem of time-optimal, rest-to-rest slewing of a
flexible spacecraft through a large angle is considered. The flexible
spacecraft is modeled as a linear, elastic, undamped,
nongyroscopic system suitable for analysis of planar rotational
maneuvers. Minimum-time open-ioop planar maneuvers are studied.
The control histories are found to be bang-bang with muitiple
switches in each control variable. The optimal control history is
shown to have an important time symmetry property. The switching
times, final time, and costates at midmaneuver satisfy a system
of nonlinear algebraic equations that can be solved using a
homotopy method. An upper bound on attitude error due to control
spillover is obtained. This helps to determine, a priori, the number
of vibrational modes that need to be actively suppressed at the
final time such that a prespecified pointing accuracy is guaranteed
after the maneuver has been completed. A time-optimal slewing
example is discussed to demonstrate the applicability of the
results. Author

AB89-22511#
NEAR-MINIMUM TIME OPEN-LOOP SLEWING OF FLEXIBLE
VEHICLES
R. C. THOMPSON, J. L. JUNKINS, and S. R. VADALI (Texas A &
M University, College Station) Journal of Guidance, Control, and
Dynamics (ISSN 0731-5090), vol. 12, Jan.-Feb. 1989, p. 82-88.
refs

Minimum time, open-loop, optimal controls are calculated for
single-axis maneuvers of a flexible structure. By shaping the control
profiles with two independent parameters, a wide variety of control
histories can be produced. Based on the dynamics of the model,
with a normalized time scale, the resulting Pontryagin’s necessary
conditions yield a nonlinear fixed final time, fixed final state,
two-point boundary value problem with the maneuver time as a
control parameter. Upon generating numerical solutions to the
problem, the final maneuver time and residual flexural energy are
compared to the bang-bang solution as a measure of the success
of a given maneuver. Examples presented illustrate near-minimum
time maneuvers with control of flexible modes in addition to the
rigid body modes, as well as the qualiitative and quantitative effect
of the torque shaping parameters. Author

AB89-22520"# Massachusetts Inst. of Tech., Cambridge.
SENSOR FAILURE DETECTION USING GENERALIZED PARITY
RELATIONS FOR FLEXIBLE STRUCTURES

MATHIEU MERCADAL (MIT, Cambridge, MA) Journal of
Guidance, Control, and Dynamics (ISSN 0731-5090), vol. 12,
Jan.-Feb. 1989, p. 125-127. refs

{Contract NAG1-126)

Analytical redundancy may be preferable to hardware
redundancy in failure detection/isolation tasks for such large-scale
systems as space structures. Generalized single-sensor parity
relations are presently applied to this problem; they are noted to
yield a very simple isolation logic, and their generation is found to
be extremely rapid, even in the case of extremely complex systems,
provided only that the eigenstructure of the system be known.
Their implementation is, however, extremely sensitive to modeling
errors and noise. O.C.

AB89-24476

AUTOMATIC CONTROL; PROCEEDINGS OF THE TENTH
TRIENNIAL WORLD CONGRESS OF IFAC, MUNICH, FEDERAL
REPUBLIC OF GERMANY, JULY 27-31, 1987. VOLUME 6
ROLF ISERMANN, ED. (Darmstadt, Technische Hochschule,
Federal Republic of Germany) Congress sponsored by IFAC,
International Association for Mathematics and Computer Simulation,
International Federation for Information Processing, et al . Oxford,
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England and Elmsford, NY, Pergamon Press, (IFAC Proceedings
Series, No. 11), 1988, 463 p. For individual items see A89-24477
to AB9-24506.

Recent advances in control theory and applications are
discussed in reviews and reports. Topics addressed include satellite
control, satellite attitude control, flight control of airborne vehicles,
space stations and platforms, space experiments and control of
active optics, and the evolution of simulators for airborne vehicles.
Consideration is given to control of ship operations, control of air
and ground transportation, expert systems in on-line control, expert
systems for diagnosis and performance monitoring, and the use
of Al methods for control. T.K.

AB89-24482
DECENTRALIZED FREQUENCY SHAPING AND MODAL
SENSITIVITIES FOR OPTIMAL CONTROL OF LARGE SPACE
STRUCTURES
U. OZGUNER and S. YURKOVICH (Ohio State University,
Columbus) IN: Automatic control; Proceedings of the Tenth
Triennial World Congress of IFAC, Munich, Federal Republic of
Germany, July 27-31, 1987. Volume 6. Oxford, England and
Elmsford, NY, Pergamon Press, 1988, p. 43-48. Research
supported by the Ohio State University. refs

Methods from the area of decentralized control which have
emerged for analysis and control of large flexible space structures
are reviewed. Many critical issues remain for consideration in
control problems of flexible spacecraft, including the need for
incorporation of actuator dynamics in the system model, the need
for an initial stabilizing feedback solution to initiate computation in
optimal controller design, and the need for inclusion of frequency
domain constraints into the state-space formulation. Author

AB9-25371#

APPLICATION OF INTEGRATED GN&C SIMULATION AND
ANALYSIS TO ADVANCED AEROSPACE VEHICLES

JOHN F. PFLUG, JEFF R. RING, CHRISTOPHER A. MAGILL,
and ROGER F. BLOCK (Honeywell, Inc., Space and Strategic
Avionics Div., Clearwater, FL) AIAA, Aerospace Sciences Meeting,
27th, Reno, NV, Jan. 9-12, 1989. 7 p.

(AIAA PAPER 89-0454)

The characteristics of simulation and analysis computer aided
design tools are discussed. Examples of integrated guidance,
navigation, and control analysis methodologies are presented as
well as results for a representative Space Station crew escape
and return vehicle, a crew emergency return vehicle, and a
hypersonic vehicle. It is shown that significant benefits in lower
design cost and risk are achievable together with greatly improved
productivity for the design team. K.K.

AB9-25436*# NASA Space Station Program Office, Reston, VA.
PRELIMINARY CONTROL/STRUCTURE INTERACTION STUDY
OF COUPLED SPACE STATION FREEDOM/ASSEMBLY WORK
PLATFORM/ORBITER

SUDEEP K. SINGH (Grumman Corp., Grumman Space Station
Program Support Div., Reston, VA) and ALAN J. LINDENMOYER
(NASA, Space Station Freedom Program Office, Reston, VA)
AlAA, Aerospace Sciences Meeting, 27th, Reno, NV, Jan. 9-12,
1989. 15 p. refs

(AIAA PAPER 83-0543)

Results are presented from a preliminary control/structure
interaction study of the Space Station, the Assembly Work Platform,
and the STS orbiter dynamics coupled with the orbiter and station
control systems. The first three Space Station assembly flight
configurations and their finite element representations are
illustrated. These configurations are compared in terms of control
authority in each axis and propellant usage. The control systems
design parameters during assembly are computed. Aithough the
rigid body response was acceptable with the orbiter Primary
Reaction Control System, the flexible body response showed large
structural deflections and loads. it was found that severe
control/structure interaction occurred if the stiffness of the
Assembly Work Platform was equal to that of the station truss.
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Also, the response of the orbiter Vernier Reaction Control System
to small changes in inertia properties is examined. R.B.

AB9-25868" National Science Foundation, Washington, DC.
INTERNATIONAL CONFERENCE ON ADVANCES IN
COMMUNICATION AND CONTROL SYSTEMS, 1ST,
WASHINGTON, DC, JUNE 18-20, 1987, PROCEEDINGS
NICHOLAS DECLARIS, ED. (NSF, Technologies Div., Washington,
DC) Conference sponsored by the International Federation of
Information Processing Societies and NASA. New York,
Optimization Software, Inc., 1988, 224 p. For individual items see
A89-25869 to A89-25875.

Theoretical models of communication and control systems are
discussed in reviews and reports. Topics addressed include
smoothing and identification for random fields, the information and
coding capacities of mismatched Gaussian channels, recursive
least-squares estimation and Kalman filtering by systolic arrays,
Kemp echo digital filters, a periodic test-scheduling scheme for
communication and queuing processes, and receivers for
direct-sequence systems. Consideration is given to a
distributed-parameter model for detecting cracks in rotors, active
control of aeroelastic systems governed by functional differential
equations, robust muitivariable control of large space structures,
finite-rank  relatively bounded perturbations of semigroup
generators, and sensitivity analysis of convex optimal-control
problems. T.K.

A89-25873" National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
ROBUST MULTIVARIABLE CONTROL OF LARGE SPACE
STRUCTURES
SURESH M. JOSHI (NASA, Langley Research Center, Hampton,
VA) IN: international Conference on Advances in Communication
and Control Systems, 1st, Washington, DC, June 18-20, 1987,
Proceedings. New York, Optimization Software, Inc., 1988, p.
111-122. refs

The problem of designing attitude-control systems for large
flexible space structures is considered. The difficulties which arise
because of special dynamic characteristics are described, and
methods for overcoming them using two type of controllers are
presented. The first type of controller considered is a model-based
compensator (MBC) and the second is the 'dissipative’ controller
which employs output feedback. Based on the analytical and
numerical results obtained, the MBC can offer good performance
under normal conditions, while the dissipative controller offers more
robustness but perhaps reduced performance in situations involving
larger uncertainties. Author

AB9-26869

ACTIVE VIBRATION SUPPRESSION FOR THE MAST FLIGHT
SYSTEM

FREDRIC M. HAM, SCOTT W. GREELEY, and BEN L. HENNIGES
(Harris Corp., Government Aerospace Systems Div., Melbourne,
FL) |EEE Control Systems Magazine (ISSN 0272-1708), vol. 9,
Jan. 1989, p. 85-90.

Active vibration suppression of a large flexible space structure
is addressed. The system (experimental test bed), performance
requirements, and system simulations and models are described.
The structure is a 60-m truss beam attached to the Shuttie Orbiter.
A baseline control system is required to provide 5 percent structural
damping for the first ten structural (flexible) modes of the truss
beam. The control design approach used to achieve the damping
is a decentralized velocity feedback type. Collocated actuator and
sensor locations are given, with details of the model for the
proof-mass actuating device, the linear dc motor. I.E.

A89-28499

LIAPUNOV STABILITY ANALYSIS FOR PDS CONTROL OF
FLEXIBLE MULTI-LINK MANIPULATORS

HO GIL LEE, SUGURU ARIMOTO, and FUMIO MIYAZAK! (Osaka
University, Toyonaka, Japan) IN: IEEE Conference on Decision
and Control, 27th, Austin, TX, Dec. 7-9, 1988, Proceedings. Volume



1. New York, Institute of Electrical and Electronics Engineers, Inc.,
1988, p. 75-80. refs

For flexible multilink manipulators, a nonlinear lumped-parameter
model including centrifugal and Coriolis forces is derived on the
basis of Hamilton's principle and Galerkin’s modal expansion
method. A control scheme called PDS (proportional-derivative-
strain) control is proposed, which is composed of a conven-
tional PD control and feedback of strain detected at the root
of each link. Stability conditions of the closed-loop system
are obtained by using the moment equilibrium equation for
the root of each link and the direct method of Liapunov.
Effects of stabilization of this PDS control scheme are discussed
for a linearized model. Experimental results are provided to illustrate
the effectiveness of the proposed PDS control. I.E.

AB9-28552#
SPACE STRUCTURE CONTROL USING MOVING BANK
MULTIPLE MODEL ADAPTIVE ESTIMATION
ROBERT W. LASHLEE, JR. (U.S. Air Force Academy, Colorado
Springs, CO) and PETER S. MAYBECK (USAF, Institute of
Technology, Wright-Patterson AFB, OH)  IN: IEEE Conference
on Decision and Control, 27th, Austin, TX, Dec. 7-9, 1988,
Proceedings. Volume 1. New York, Institute of Electrical and
Electronics Engineers, Inc., 1988, p. 712-717. refs

The authors investigate the feasibility of applying moving-bank
multiple-model  adaptive estimation algorithms to flexible
space-structure control. This form of estimation/control is an
attempt to reduce the computational loading associated with the
implementaton of a full-scale multiple-model  adaptive
estimator/controller. It is shown that the moving-bank controller
performs nearly identically to a benchmark controller and
substantially better than a fixed-bank controller with a coarse
discretization level that covers the entire range of parameter
variation. I.E.

A89-28613

COMPUTATION OF THE STABILITY ROBUSTNESS OF LARGE
STATE SPACE MODELS WITH REAL PERTURBATIONS

L. QIU and E. J. DAVISON (Toronto, University, Canada) IN:
|EEE Conference on Decision and Control, 27th, Austin, TX, Dec.
7-9, 1988, Proceedings. Volume 2. New York, Institute of Electrical
and Electronics Engineers, Inc., 1988, p. 1380-1385. refs
(Contract NSERC-A-4396)

The authors address the computational problem encountered
by a novel method of stability robustness analysis previously
outlined, when it is applied to large systems. An iterative procedure
is developed to compute the singular values and singular vectors
of certain classes of large composite matrices; such a procedure
can be used to solve problems which, because of dimensionality,
cannot be solved by applying the QR transformation method. The
procedure is then applied to the determination of stability
robustness bounds of large-state-space systems with real
perturbations. Various numerical examples, including a 46th-order
spacecraft system, are given to illustrate the results obtained.

1LE.

A89-28631
OPTIMAL REGULATION OF FLEXIBLE STRUCTURES
GOVERNED BY HYBRID DYNAMICS
SAROJ K. BISWAS (Temple University, Philadelphia, PA)  IN:
IEEE Conference on Decision and Control, 27th, Austin, TX, Dec.
7-9, 1988, Proceedings. Volume 2. New York, Institute of Electrical
and Electronics Engineers, Inc., 1988, p. 1613-1618. refs

The author considers the problem of optimal control of flexible
structures governed by a coupled system of ordinary differential
equations and hyperbolic partial differential equations (hybrid
dynamics). Necessary conditions are presented for determining
the control torque and control forces for optimal regulation of the
structure along with simultaneous suppression of its elastic
vibrations. lllustrative numerical results for the control of a one-link
flexible robot are presented. I.E.
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AB9-28632
BOUNDED INPUT FEEDBACK CONTROL OF LINEAR
SYSTEMS WITH APPLICATION TO THE CONTROL OF A
FLEXIBLE SYSTEM
H. KRISHNAN and M. VIDYASAGAR (Waterloo, University,
Canada) IN: IEEE Conference on Decision and Control, 27th,
Austin, TX, Dec. 7-9, 1988, Proceedings. Volume 2. New York,
Institute of Electrical and Electronics Engineers, Inc., 1988,
p. 1619-1626. refs

The design of discrete-time H2 optimal controllers in the
presence of constraints in the plant input is presented. The method
is applied to the model of an experimental flex-arm, which has
some nonminimum-phase zeros and all its poles on the unit circle.
Experimental and simulation results on the performance of a
fifth-order controller thus obtained are presented. The results
suggest that this method of controller design ensures good
performance of the closed-loop system. I.E.

A89-28633" Ohio State Univ., Columbus.

A FREQUENCY DOMAIN IDENTIFICATION SCHEME FOR
FLEXIBLE STRUCTURE CONTROL

ANTHONY P. TZES and STEPHEN YURKOVICH (Ohio State
University, Columbus)  IN: IEEE Conference on Decision and
Control, 27th, Austin, TX, Dec. 7-9, 1988, Proceedings. Volume 2.
New York, Institute of Electrical and Electronics Engineers, Inc.,
1988, p. 1627-1632. refs

(Contract NAG1-720)

The authors present a novel method called time-varying transfer
function estimation (TTFE) in which time-domain parameters are
computed through identification in the frequency domain. The
method is particularly well suited for flexible structure control
problems. An example of a flexible manipulator system is presented
for which a self-tuning control law with frequency shaping is derived
and demonstrated. I.E.

A89-28637"#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
ON THE DESIGN OF THE DISSIPATIVE LQG-TYPE
CONTROLLERS
R. LOZANO-LEAL and S. M. JOSH!I (NASA, Langley Research
Center, Hampton, VA) IN: IEEE Conference on Decision and
Control, 27th, Austin, TX, Dec. 7-9, 1988, Proceedings. Volume 2.
New York, Institute of Electrical and Electronics Engineers, Inc.,
1988, p. 1645, 1646. refs

The design of dissipative linear-quadratic-Gaussian-type
compensators for positive real plants is considered. It is shown
that if the noise covariance matrices (used as weighting matrices})
satisfy certain conditions, the compensator has a strictly positive
real transfer function matrix. The stability of the resulting
closed-loop system is guaranteed regardless of modeling errors
as long as the plant remains positive real. In view of this property,
the controller is expected to be useful for vibration suppression in
large, flexible space structures. I.E.

AB89-28646

NONLINEAR DYNAMICS AND CONTROL ISSUES FOR
FLEXIBLE SPACE PLATFORMS

H. G. KWATNY and W. H. BENNETT (Techno-Sciences, Inc.,
Greenbelt, MD) IN: IEEE Conference on Decision and Control,
27th, Austin, TX, Dec. 7-9, 1988, Proceedings. Volume 3. New
York, Institute of Electrical and Electronics Engineers, Inc., 1988,
p. 1702-1707. Research supported by SDIO. refs

(Contract F49620-87-C-0103)

A description is given of the early results of an ongoing research
program into the control of the nonlinear dynamics of large, flexible
space structures. An approach to the modeling of generic space
platforms is described, and the design of nonlinear feedback control
systems via extract input-output linearization and decoupling as
applied to this class of systems is also discussed. The role of
nonlinear system zeros is highlighted. An exampie is given. LE.

A89-28647* lllinois Univ., Urbana.
SLEW-INDUCED DEFORMATION SHAPING
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T. A. W. DWYER, HlIl (llinois, University, Urbana) IN: IEEE
Conference on Decision and Control, 27th, Austin, TX, Dec. 7-9,
1988, Proceedings. Volume 3. New York, Institute of Electrical
and Electronics Engineers, Inc., 1988, p. 1708-1713. Research
supported by SDIO. refs

(Contract F49620-87-C-0103; NAG1-613)

Computed torques for pointing and tracking require
compensation for slew-induced structural, forebody/aftbody, or
optical train alignment deformations. Thus even if only line-of-sight
variables are to be commanded, full state feedback is needed.
The solution proposed is to decouple by feedforward of the
line-of-sight slew dynamics into the deformation control loop. It is
shown how arbitrarily few actuators are needed for such
deformation shaping, at the cost of higher differentiability of the
reference line-of-sight dynamics. The low-rate, single-axis case is
developed in detail, and its extension to high rates and multiple
axes by global feedback linearization is outlined. L.E.

AB9-28652

NONLINEAR STABILIZATION OF TETHERED SATELLITES
D.-C. LIAW and E. H. ABED (Maryland, University, College Park)
IN: IEEE Conference on Decision and Control, 27th, Austin, TX,
Dec. 7-9, 1988, Proceedings. Volume 3. New York, Institute of
Electrical and Electronics Engineers, Inc., 1988, p. 1738-1745.
refs

(Contract AF-AFOSR-87-0073; NSF ECS-86-57561; NSF
CDR-85-00108)

A set of dynamic equations governing the dynamics of a
tethered satellite system (TSS) and stabilizing tension controf laws
in feedback form are derived. The tether is assumed rigid and
massless, and the equations of motion are derived using the system
Lagrangian. It is observed that tools from stability analysis of critical
nonlinear systems must be applied to stabilize the system. Tools
related to the Hopf bifurcation theorem are used in the construction
of the stabilizing control laws, which may be taken as purely linear.
Simutations iliustrate the nature of the conclusions, and show that
nonlinear terms in the feedback can be used to improve the
transient response significantly. I.E.

A89-30654#

SELECTIVE MODAL EXTRACTION FOR DYNAMIC ANALYSIS
OF SPACE STRUCTURES

Y. C. YIU (Lockheed Missiles and Space Co., Inc., Sunnyvale,
CA) IN: AIAA, ASME, ASCE, AHS, and ASC, Structures, Structural
Dynamics and Materials Conference, 30th, Mobile, AL, Apr. 3-5,
1989, Technical Papers. Part 1. Washington, DC, American Institute
of Aeronautics and Astronautics, 1989, p. 21-31. Research
supported by Lockheed Missiles and Space Co., inc. refs

(AIAA PAPER 89-1163)

For problems with fixed spatial load distributions, the Load
Dependent Ritz Vector basis provides a Ritz subspace for dynamic
response evaluation. The eigensolution of this subspace provides
the approximate modes shapes, hence the selected modes, to
the original problem for modal superposition. In this paper, the
mathematical basis of selective modal extraction is explained in
terms of the conventional engineering analysis methods. The
method is extended to structural systems with positive semidefinite
stiffness matrices and hence suitable for dynamic analysis of space
structures. Author

A89-30660#
EXPERIMENTAL ACTIVE VIBRATION DAMPING OF A PLANE
TRUSS USING HYBRID ACTUATION
WILLIAM L. HALLAUER, JR. and STEVEN E. LAMBERSON (U.S.
Air Force Academy, Colorado Springs, CO)  IN: AlAA, ASME,
ASCE, AHS, and ASC, Structures, Structural Dynamics and
Materiais Conference, 30th, Mobile, AL, Apr. 3-5, 1989, Technical
Papers. Part 1. Washington, DC, American Institute of Aeronautics
and Astronautics, 1989, p. 80-90. Research sponsored by USAF.
refs
(AIAA PAPER 89-1169)

The active vibration damping of a truss structure by the
simultaneous use of air-jet thrusters (for low frequencies) and
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reaction-mass/force actuators (for high frequencies) is investigated
analytically and experimentally. The characteristics of typical
hardware components are reviewed and iliustrated with drawings
and photographs; the equations governing truss vibration and active
damping are derived; and results for a beamlike plane truss are
presented in graphs. Good damping is demonstrated using simple
analog-computer controllers which integrate servo accelerometer
signals to obtain velocity feedback. T.K.

A89-30704"# California Univ., Los Angeles.

CONTROL AUGMENTED STRUCTURAL SYNTHESIS WITH
DYNAMIC STABILITY CONSTRAINTS

H. L. THOMAS and L. A, SCHMIT, JR. (California, University, Los
Angeles) IN: AIAA, ASME, ASCE, AHS, and ASC, Structures,
Structural Dynamics and Materials Conference, 30th, Mobile, AL,
Apr. 3-5, 1989, Technical Papers. Part 1. Washington, DC, American
Institute of Aeronautics and Astronautics, 1989, p. 521-531. refs
(Contract NSG-1490)

(AIAA PAPER 89-1216)

Dynamic stability constraints are included in a computer program
that simultaneously synthesizes a structure and its control system.
Two measures of stability, the real part of the system complex
eigenvalues and the damping ratio, are examined. The procedure
for calculating the sensitivities of the two measures of stability to
changes in the structure and its control system is explained. The
sensitivities are used to formulate an approximate problem that is
solved at each design iteration. The effects of structural damping
and noncollated controllers on the synthesis process are
discussed. Author

AB9-30722"# Texas Univ., Austin.

MODEL REDUCTION AND CONTROL OF FLEXIBLE
STRUCTURES USING KRYLOV SUBSPACES

ROY R. CRAIG, JR. (Texas, University, Austin) and TZU-JENG
SU IN: AIAA, ASME, ASCE, AHS, and ASC, Structures, Structural
Dynamics and Materials Conference, 30th, Mobile, AL, Apr. 3-5,
1989, Technical Papers. Part 2. Washington, DC, American Institute
of Aeronautics and Astronautics, 1989, p. 691-700. refs
{Contract NAS9-17254)

(AIAA PAPER 89-1237)

Krylov vectors and the concept of parameter-matching are
combined to develop a mode! reduction aigorithm for a damped
structural dynamics system. The reduced-order model obtained
matches a certain number of low-frequency moments of the
tuli-order system. The major application of the present method is
to the control of flexible structures. It is shown that, in the control
of flexible structures, there generally exist three types of control
energy spillover, namely, the control spillover, the observation
spillover, and dynamic spillover. The formulation based on Krylov
subspaces can eliminate the contro! and the observation spillover,
while leaving only the dynamic spillover to be considered. Two
examples are used to illustrate the efficacy of the Krylov method.

Author

A89-30769"#
Pasadena.
SELECTION OF ACTIVE MEMBER LOCATIONS IN ADAPTIVE
STRUCTURES

G.-S. CHEN, R. BRUNO, and M. SALAMA (California Institute of
Technology, Jet Propulsion Laboratory, Pasadena) IN: AIAA,
ASME, ASCE, AHS, and ASC, Structures, Structural Dynamics and
Materials Conference, 30th, Mobile, AL, Apr. 3-5, 1989, Technical
Papers. Part 3. Washington, DC, American Institute of Aeronautics
and Astronautics, 1989, p. 1127-1135. refs

(AIAA PAPER 89-1287)

The effective use of multiple passive and active members in
adaptive structures necessitates that these members be optimally
distributed throughout the structure. In truss structures, the problem
falls into the class of combinatorial optimization for which the
solution becomes exceedingly intractable as the problem size
increases. This is overcome by using the simulated annealing
algorithm to obtain near optimal locations for passive and/or active
members. The maximization of the rate of energy dissipation over

Jet Propulsion Lab., California Inst. of Tech.,



a finite time period as the measure of optimality is adopted. The
selection of optimal locations for both passive and active members
is consistently treated through the use of the energy dissipation
rate criterion within the simulated annealing aigorithm. Numerical
examples are used to illustrate the effectiveness of the
methodology for large truss structures. Author

AB9-30806"#
Pasadena.
ACTIVE-MEMBER CONTROL OF PRECISION STRUCTURES

J. L. FANSON, G. H. BLACKWOOD, and C. C. CHU (California
Institute of Technology, Jet Propulsion Laboratory, Pasadena) [N:
AIAA, ASME, ASCE, AHS, and ASC, Structures, Structural
Dynamics and Materials Conference, 30th, Mobile, AL, Apr. 3-5,
1989, Technical Papers. Part 3. Washington, DC, American Institute
of Aeronautics and Astronautics, 1989, p. 1480-1494. refs

(AIAA PAPER 89-1329)

This paper presents the results of closed loop experiments
that use piezoelectric active-members to control the flexible motion
of a precision truss structure. These experiments are directed
toward the development of high performance structural systems
as part of the Control/Structure interaction program at JPL. Order
of magnitude reductions in dynamic response are achieved with
relatively simple control techniques. The practical implementation
of high stiffness, high bandwidth active-members in a precision
structure highlights specific issues of importance relating to the
modelling and implementation of active-member control.  Author

Jet Propulsion Lab., California Inst. of Tech.,

A89-31029"# Honeywell, Inc., Glendale, AZ.

REACTION TORQUE MINIMIZATION TECHNIQUES FOR
ARTICULATED PAYLOADS

KEVIN KRAL (Honeywell Sperry Space Systems, Glendale, AZ)
and ROBERTO M. ALEMAN (NASA, Goddard Space Flight Center,
Greenbelt, MD) IN: {TC/USA/’88; Proceedings of the International
Telemetering Conference, Las Vegas, NV, Oct. 17-20, 1988.
Research Triangle Park, NC, Instrument Society of America, 1988,
p. 419-429.

Articulated payloads on spacecraft, such as antenna telemetry
systems and robotic elements, impart reaction torques back into
the vehicle which can significantly affect the performance of other
payloads. This paper discusses ways 0 minimize the reaction
torques of articulated payloads through command-shaping
algorithms and unique control implementations. The effects of
reaction torques encountered on Landsat are presented and
compared with simulated and measured data of prototype systems
employing these improvements. Author

AB9-31454#

NEW GENERALIZED STRUCTURAL FILTERING CONCEPT
FOR ACTIVE VIBRATION CONTROL SYNTHESIS

BONG WIE and KUK-WHAN BYUN (Texas, University, Austin)
Journal of Guidance, Control, and Dynamics (ISSN 0731-5080),
vol. 12, Mar.-Apr. 1989, p. 147-154. Previously cited in issue 22,
p. 3639, Accession no. AB7-50502. refs

A89-31455#
CONTROL OF FLEXIBLE STRUCTURES WITH SPILLOVER
USING AN AUGMENTED OBSERVER
YOSSI CHAIT and CLARK J. RADCLIFFE (Michigan State
University, East Lansing) Journal of Guidance, Control, and
Dynamics (ISSN 0731-5090), vol. 12, Mar.-Apr. 1989, p. 155-161.
refs

Modern modal control methods for flexible structures have
control and observation spillover that can degrade performance
and reduce the stability margin of the closed-loop controlled
structure. The sensor output is often filtered to reduce observation
spillover; however, the filter introduces signal distortion and perturbs
the closed-loop system eigenvalue locations. This perturbation can
reduce the stability margin and jeopardize convergence of a
deterministic observer. If the filter equations are not explicitly
included in the observer design, then the separation principle
between the controller and the observer states no longer holds
when present in the unfiltered system. A new method is presented
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where the observer equations are augmented to include a first-order
filter dynamics. The separation principle, controliability, and
observabiiity of the unfiltered system are invariant to the filter
dynamics in this new method, resuiting in no perturbation of
controlled system eigenvalue locations. The filter cutoft frequency
can be located even within the bandwidth of the system, thereby
increasing the filter effectiveness in reducing observation spillover.
Spillover-generated errors in closed-loop eigenvalues of these
control methods are compared using a numerical example.
Author

A89-31469" #
Pasadena.
CONTROL-STRUCTURE INTERACTION IN PRECISION
POINTING SERVO LOOPS
JOHN T. SPANOS (California Institute of Technoluyy, Jet
Propulsion Laboratory, Pasadena) Journal of Guidance, Cuarct,
and Dynamics (ISSN 0731-5090), vol. 12, Mar.-Apr. 1989, p.
256-263. refs

The control-structure interaction problem is addressed via
stability analysis of a generic linear servo loop model. With the
plant described by the rigid body mode and a single elastic mode,
structural flexibility is categorized into one of three types: (1)
appendage, (2) in-the-loop minimum phase, and (3) in-the-loop
nonminimum phase. Closing the loop with proportional-derivative
(PD) control action and introducing sensor roli-off dynamics in the
feedback path, stability conditions are obtained. Trade studies are
conducted with modal frequency, modal participation, modal
damping, loop bandwidth, and sensor bandwidth treated as free
parameters. Results indicate that appendage modes are most likely
to produce instability if they are near the sensor rolloff, whereas
in-the-loop modes are most dangerous near the loop bandwidth.
The main goal of this paper is to provide a fundamental
understanding of the control-structure interaction problem so that
it may benefit the design of complex spacecraft and pointing system
servo loops. In this framework, the JPL Pathfinder gimbal pointer
is considered as an example. Author

Jet Propulsion Lab., Califorma Inst. of Tech,

N89-11262*# National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
A COMPARATIVE OVERVIEW OF MODAL TESTING AND
SYSTEM IDENTIFICATION FOR CONTROL OF STRUCTURES
J.-N. JUANG and R. S. PAPPA  /n Vibration Inst., The Shock
and Vibration Digest, Volume 20, No. 6 p 4-15  Jun. 1988
Avail: NTIS HC A05/MF AO1

A comparative overview is presented of the disciplines of modal
testing used in structural engineering and system identification used
in control theory. A list of representative references from both
areas is given, and the basic methods are described briefly. Recent
progress on the interaction of modal testing and control disciplines
is discussed. It is concluded that combined efforts of researchers
in both disciplines are required for unification of modal testing
and system identification methods for control of flexible
structures. Author

N89-11405# California Univ., Berkeley. Electronics Research
Lab.
OPTIMIZATION-BASED DESIGN OF CONTROL SYSTEMS Final
Report, 31 Jul. 1986 - 30 Jul. 1987
ELIJAH POLAK 13 Apr. 1988 4 p
(Contract AF-AFOSR-0247-86; AF PROJ. 2917)
(AD-A196593; AFOSR-88-0542TR)  Avail: NTIS HC A02/MF AD1
CSCL 12/6

A DEC MicroVax || GPX Color workstation has been acquired
for experimentation with the DELIGHT.MIMO interactive software
system in the solution of optimal, worst case design of muitivariable
control systems. A SUN workstation - based system has been
expanded for experiments in distributed computing for the optimal,
integrated design of flexible structures and their control systems.

GRA
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N89-11791"#  National Aeronautics and Space Administration.
Marshall Space Flight Center, Huntsville, AL.
AN APPLICATION OF HIGH AUTHORITY/LOW AUTHORITY
CONTROL AND POSITIVITY
8. M. SELTZER, D. IRWIN, D. TOLLISON (Control Dynamics Co.,
Huntsville, Ala.), and H. B. WAITES Aug. 1988 15 p
(NASA-TM-100338; NAS 1.15:100338) Avail: NTIS HC A03/MF
AD1 CSCL 22/2

Control Dynamics Company (CDy), in conjunction with NASA
Marshall Space Flight Center (MSFC), has supported the U.S. Air
Force Wright Aeronautical Laboratory (AFWAL) in conducting an
investigation of the implementation of several DOD controls
techniques. These techniques are to provide vibration suppression
and precise attitude control for flexible space structures. AFWAL
issued a contract to Control Dynamics to perform this work under
the Active Control Technique Evaluation for Spacecraft (ACES)
Program. The High Authority Control/Low Authority Control
(HAC/LAC) and Positivity controls techniques, which were
cultivated under the DARPA Active Contro! of Space Structures
(ACOSS) Program, were applied to a structural model of the
NASA/MSFC Ground Test Facility ACES configuration. The control
systems design were accomplished and linear post-analyses of
the closed-loop systems are provided. The control system designs
take into account effects of sampling and delay in the control
computer. Nonlinear simulation runs were used to verify the control
system designs and implementations in the facility control
computers. Finally, test results are given to verify operations of
the control systems in the test facility. Author

N89-11921*# SatCon Technology Corp., Cambridge, MA.
AN ADVANCED ACTUATOR FOR HIGH-PERFORMANCE
SLEWING Final Report
JAMES DOWNER, DAVID EISENHAURE, and RICHARD
HOCKNEY Washington NASA Sep. 1988 163 p
(Contract NAS1-18322)
(NASA-CR-4179; NAS 1.26:4179; R05-87) Avail: NTIS HC
AD8/MF A01 CSCL 13/9

A conceptual design for an advanced momentum exchange
actuator for application to spacecraft slewing is described. The
particular concept is a magnetically-suspended, magnetically
gimballed Control Moment Gyro (CMG). A scissored pair of these
devices is sized to provide the torque and angular momentum
capacity required to reorient a large spacecraft through large angle
maneuvers. The concept described utilizes a composite material
rotor to achieve the high momentum and energy densities to
minimize system mass, an advanced superconducting magnetic
suspension system to minimize system weight and power
consumption. The magnetic suspension system is also capable of
allowing for large angle gimballing of the rotor, thus eliminating
the mass and reliability penaities attendant to conventional gimbals.
Descriptions of the various subelement designs are included along
with the necessary system sizing formulation and material.

Author

N89-12303# Lawrence Livermore National Lab., CA.
DECENTRALIZED ADAPTIVE CONTROL OF LARGE SCALE
SYSTEMS, WITH APPLICATION TO ROBOTICS Ph.D. Thesis
DONALD T. GRAVEL, JR. Mar. 1988 117 p
(Contract W-7405-ENG-48)
(DE88-015409; UCRL-53866) Avail: NTIS HC A06/MF AO1
Present day economic, technological, and environmental
systems are large and complex. Gaining an understanding of large
scale systems, that is, modeling their behavior and designing
appropriate stabilizing controls, is a foremost challenge of modern
system theory. One approach to large scale system modeling and
control is decomposition of the large system into smaller, more
manageable units. This is known as the decentralized approach.
Decentralized control schemes have proven to be robust to a
large range of uncertainties and nonlinearities in interconnections
and subsystem dynamics. For the purpose of decentralized control,
decompositions of large scale systems are typically formulated to
isolate uncertainty about system behavior to the interaction
between subsystems. Thereby the subsystems themselves are well
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modeled and decentralized controliers can be designed according
to standard techniques. In this thesis, the theory of decentralized
adaptive control for decentrally stabilizable systems has been
developed. The new schemes depend upon local high gain
feedback to stabilize local systems sufficiently to overcome
interconnection disturbances. DOE

N89-13466"# Howard Univ., Washington, DC. Dept. of
Mechanical Engineering.
STABILITY ANALYSIS OF LARGE SPACE STRUCTURE
CONTROL SYSTEMS WITH DELAYED INPUT
A. 8. S. R. REDDY and PETER M. BAINUM /n NASA, Langley
Research Center, Proceedings of the 4th Annual SCOLE Workshop
p 123-132  Oct. 1988 Presented at the 6th VPI and SU/AIAA
Symposium on Dynamics and Control of Large Structures
Avail: NTIS HC A17/MF A0O1 CSCL 22/2

Large space structural systems, due io their inherent flexibility
and low mass to area ratio, are represented by large dimensional
mathematical models. For impiementation of the control laws for
such systems a finite amount of time is required to evaluate the
control signals; and this time delay may cause instability in the
closed loop control system that was previously designed without
taking the input delay into consideration. The stability analysis of
a simple harmonic oscillator representing the equation of a single
mode as a function of delay time is treated analytically and verified
numerically. The effect of inherent damping on the delay is also
analyzed. The control problem with delayed input is also formulated
in the discrete time domain. Author

N89-13467" # Howard Univ.,, Washington, DC. Dept. of
Mechanical Engineering.
THE DYNAMICS AND CONTROL OF THE IN-ORBIT SCOLE
CONFIGURATION
PETER M. BAINUM, A. S. S. R. REDDY, CHEICK MODIBO
DIARRA, and FEIYUE LI /o NASA, Langley Research Center,
Proceedings of the 4th Annual SCOLE Workshop p 145-180 Qct.
1988
(Contract NSG-1414)
Avail: NTIS HC A17/MF A01 CSCL 22/2

The study of the dynamics of the Spacecraft Control Laboratory
Experiment (SCOLE) is extended to emphasize the synthesis of
control laws for both the linearized system as well as the large
amplitude slewing maneuvers required to rapidly reorient the
antenna line of sight. For contro! of the system through small
amplitude displacements from the nominal equilibrium position LQR
techniques are used to develop the control laws. Pontryagin’s
maximum principle is applied to minimize the time required for the
slewing of a general rigid spacecraft system. The minimum slewing
time is calculated based on a quasi-linearization algorithm for the
resulting two point boundary value problem. The effect of delay in
the control input on the stability of a continuously acting controller
(designed without considering the delay) is studied analytically for
a second order plant. System instability can result even for delays
which are only a small fraction of the natural period of motion.

Author

N89-13468*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
INITIAL TEST RESULTS ON STATE ESTIMATION ON THE
SCOLE MAST
D. SPARKS, JR. /n its Proceedings of the 4th Annual SCOLE
Workshop p 181-191  Oct. 1988
Avail: NTIS HC A17/MF A01 CSCL 22/2

Modal state estimation tests are performed on the SCOLE
mast for the fixed Shuttle platform case. Kalman filter state
estimation resuits from a five mode computer model of the SCOLE
mast, developed from a finite element analysis, are compared
with those state estimates obtained from laboratory tests. Two
comparison runs are presented, one an excitation of the first two
bending modes, another, an excitation of the first torsional mode
of the mast. Results from both runs show poor agreement in
modal estimation between the computer model simulations and
the laboratory test data. At present, the reason(s) for this poor



performance is unknown. Both the laboratory hardware and
software and the computer model are being checked for possible
sources of errors. Further computer simulations as well as
laboratory testing will be performed. Author

N89-13469*# Control Research Corp., Lexington, MA.
SLEWING AND VIBRATION CONTROL OF THE SCOLE
JIGUAN GENE LIN /n NASA, Langley Research Center,
Proceedings of the 4th Annual SCOLE Workshop p 193-215 Oct.
1988
Avail: NTIS HC A17/MF A01 CSCL 22/2

A discussion of Slewing and Vibration Control makes the
following conclusions: (1) A 2-stage approach is feasible and
promising for rapid slewing and precision pointing of SCOLE; (2)
Not all bang-bang type of time-minimized slew maneuvers will
excite large structural vibrations in SCOLE; and (3) Modal dashpots
can be a concentrated high-power vibration control, as well as
‘the usual diffuse (broadband, low-power (low-authority) control.
The following recommendations are made: (1) Limit the magnitude
of applied forces on refiector to either the 25-Ib limit of vernier
thrusters on the real Space Shuttle or the 150-ib level equivalent
to the cold-gas jets of laboratory SCOLE; (2) to complete stage
2, add an integrated design of LQF/LTR (Linear-Quadratic-Gaussian/
Loop-Transfer Recovery) and Modal Dashpots; and, (3) Validate the
2-stage approach using the SCOLE laboratory facility with a com-
prehensive sequence of integrated designs and experiments coupling
nonlinear rigid-body motions with flexible-body dynamics. Author

NB89-13473*# North Carolina Univ., Charlotte. Dept. of Electrical
Engineering.
COMBINED PROBLEM OF SLEW MANEUVER CONTROL AND
VIBRATION SUPPRESSION
Y. P. KAKAD /n NASA, Langley Research Center, Proceedings
of the 4th Annual SCOLE Workshop p 309-320  Oct. 1988
Avail: NTIS HC A17/MF A01 CSCL 22/2

The combined problem of slew maneuver controt and vibration
suppression of NASA Spacecraft Control Laboratory Experiment
(SCOLE) is considered. The coupling between the rigid body modes
and flexible modes together with the effect of the control forces
on the flexible antenna is discussed. The nonlinearities in the
equations are studied in terms of slew maneuver angular
velocities. Author

N89-13474*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
ROBUST MODEL-BASED CONTROLLER SYNTHESIS FOR THE
SCOLE CONFIGURATION
E. S. ARMSTRONG, S. M. JOSHI, and E. J. STEWART (George
Washington Univ., Hampton, Va) /n its Proceedings of the 4th
Annual SCOLE Workshop p 321-327  Oct. 1988
Avail: NTIS HC A17/MF A01 CSCL 22/2

The design of a robust compensator is considered for the
SCOLE configuration using a frequency-response shaping
technique based on the LQG/LTR algorithm. Results indicate that
a tenth-order compensator can be used to meet stability-
performance-robustness conditions for a 26th-order SCOLE
model without destabilizing spillover effects. Since the SCOLE
configuration is representative of many proposed spaceflight
experiments, the results and design techniques employed
potentially should be applicable to a wide range of large space
structure control problems. Author

NB89-13475*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
ANALYTIC REDUNDANCY MANAGEMENT FOR SCOLE
RAYMOND C. MONTGOMERY  /n its Proceedings of the 4th
Annual SCOLE Workshop p 329-345  Oct. 1988
Avail: NTIS HC A17/MF A01 CSCL 22/2

The objective of this work is to develop a practical sensor
analytic redundancy management scheme for flexible spacecraft
and to demonstrate it using the SCOLE experimental apparatus.
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The particular scheme to be used is taken from previous work on
the Grid apparatus by Williams and Montgomery. Author

N89-13476*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
A MATHEMATICAL PROBLEM AND A SPACECRAFT
CONTROL LABORATORY EXPERIMENT (SCOLE) USED TO
EVALUATE CONTROL LAWS FOR FLEXIBLE SPACECRAFT.
NASA/IEEE DESIGN CHALLENGE
LAWRENCE W. TAYLOR, JR. and A. V. BALAKRISHNAN
(California Univ., Los Angeles.) /n its Proceedings of the 4th
Annual SCOLE Workshop p 347-373  Oct. 1988
Avail: NTIS HC A17/MF A01 CSCL 22/2

The problen of controlling large, flexible space systems has
been evaluated using computer simulation. In several cases, ground
experiments have also been used to validate system performance
under more realistic conditions. There remains a need, however,
to test additional control laws for flexible spacecraft and to directly
compare competing design techniques. A program is discussed
which has been initiated to make direct comparisons of control
laws for, first, a mathematical problem, then and experimental
test articte being assembled under the cognizance of the Spacecraft
Control Branch at the NASA Langley Research Center with the
advice and counsel of the IEEE Subcommittee on Large Space
Structures. The physical apparatus will consist of a softly supported
dynamic model of an antenna attached to the Shuttle by a fiexible
beam. The control objective will include the task of directing the
line-of-sight of the Shuttle antenna configuration toward a fixed
target, under conditions of noisy data, control authority and random
disturbances. Author

N89-13764*#  National Aeronautics and Space Administration.
Pasadena Office, CA.
REMOTE OBJECT CONFIGURATION/ORIENTATION
DETERMINATION Patent Application
LARRY L. SCHUMACHER, inventor (to NASA) (Jet Propuision Lab.,
California Inst. of Tech., Pasadena.) 29 Aug. 1988 12 p
(Contract NAS7-918)
(NASA-CASE-NPO-17436-1-CU; NAS 1,71:NPO-17436-1-CU,
US-PATENT-APPL-SN-237035) Avail: NTIS HC A03/MF AO1
CSCL 14/2

This invention relates to object detection and location systems
and, more particularly, to a method for determining the configuration
and location of an object with respect to an X, Y, X coordinate
frame. In space applications in particular, there is a need to be
able to passively determine the orientation of an object at a
distance, for example, in the control of large, flexible space
structures. At present, there is no available method or apparatus
which will allow the operator to make such a determination. A
similar problem and need exists in robotic application. It is the
primary object of this invention to provide a system for remotely
defining an object’s configuration in a manner compatible with a
computer’s analytical capability. NASA

N89-16111*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
RESULTS OF AN INTEGRATED STRUCTURE-CONTROL LAW
DESIGN SENSITIVITY ANALYSIS
MICHAEL G. GILBERT Dec. 1988 21 p Presented at the
2nd NASA/Air Force Symposium on Recent Experiences in
Multidisciplinary Analysis and Optimization, Hampton, VA, Sep.
1988
(NASA-TM-101517; NAS 1.15:101517)  Avail: NTIS HC A03/MF
A01 CSCL 01/3

Next generation air and space vehicle designs are driven by
increased performance requirements, demanding a high level of
design integration between traditionally separate design disciplines.
interdisciplinary analysis capabilities have been developed, for
aeroservoelastic aircraft and large flexible spacecraft control for
instance, but the requisite integrated design methods are only
beginning to be developed. One integrated design method which
has received attenton is based on hierarchal problem
decompositions, optimization, and design sensitivity analyses. This

61



06 DYNAMICS AND CONTROLS

paper highlights a design sensitivity analysis method for Linear
Quadratic Cost, Gaussian (LQG) optimal control laws, which
predicts change in the optimal control law due to changes in
fixed problem parameters using analytical sensitivity equations.
Numerical results of a design sensitivity analysis for a realistic
aeroservoelastic aircraft example are presented. In this example,
the sensitivity of the optimally controlled aircraft's response to
various problem formulation and physical aircraft parameters is
determined. These results are used to predict the aircraft’'s new
optimally controlled response if the parameter was to have some
other nominal value during the control law design process. The
sensitivity resuits are validated by recomputing the optimal contro}
law for discrete variations in parameters, computing the new actual
aircraft response, and comparing with the predicted response.
These results show an improvement in sensitivity accuracy for
integrated design purposes over methods which do not include
changess in the optimal control law. Use of the analytical LQG
sensitivity expressions is also shown to be more efficient that
finite difference methods for the computation of the equivalent
sensitivity information. Author

N89-15156# General Analytic Corp., Athens, GA.
A NEW APPROACH TO THE ANALYSIS AND CONTROL OF
LARGE SPACE STRUCTURES, PHASE 1 Final Report, 15 Oct.
1987 - 14 Mar. 1988
GEORGE ADOMIAN 12 Mar. 1988 129 p
(Contract F49620-87-C-0098)
(AD-A198143; GAC-881; AFOSR-88-0702TR) Avail: NTIiS HC
AO7/MF AO1 CSCL 22/5

The large structures contemplated would be constructed in
space. Because of the limitations on launching massive payloads,
itis clear that these structures will be made of lightweight material
and will necessarily be flexible and easily excited into vibrations.
Analytical problems will arise in designing large space structures
in which physically realistic and accurate solutions will be critical.
Such designs must consider weight, sizes, stiffness, thermal and
mechanical distortions, stresses due to gravity and positioning
thrusts. Some specific analytical problems will involve vibration,
heating and cooling, multidimensional control, and structural
problems arising from random support motion and random
fluctuations of the system dynamic properties. GRA

N89-15158# Air Force Geophysics Lab., Hanscom AFB, MA.
A CHARGE CONTROL SYSTEM FOR SPACECRAFT
PROTECTION
B. M. SHUMAN, H. A. COHEN, J. HYMAN, R. R. ROBSON, and
W. S. WILLIAMSON (Hughes Research Labs., Malibu, CA) 26
Sep. 1988 16 p
(Contract AF PROJ. 2823)
(AD-A199904; AFGL-TR-88-0246) Avail: NTIS HC A03/MF A01
CSCL 22/1

An autonomous system to detect both absolute and differential
spacecraft charging aboard high altitude satellites, and to reduce
those potentials before hazardous arcing levels are reached, is
now being developed. Operation of the system is based on the
empirical results of the Space Test Program SCATHA (p78-2) and
NASA ATS-6 satellites, both of which successfully demonstrated
the principle of safely reducing spacecraft charging levels by the
emission of a low energy neutral plasma--effectively shorting the
spacecraft and charged dielectric surfaces to the ambient space
plasma. The Charge Control System will utilize a xenon-based
plasma source capable of igniting within one second, and capable
of emitting a quasi-neutral plasma containing more than 1 MA of
ions. Satellite frame potential (relative to the ambient space plasma)
will be determined by an electrostatic analyzer capable of detecting
both ions and electrons in the energy range 50 eV to 20 keV.
Automatic operation of the system will accomplished by
microprocessor controller which will interpret the sensor data and
activate the plasma source when predetermined threshold levels
are exceeded. With a gas supply for more than 2000 hours of
operation in space, the system may be expected to provide on-orbit
spacecraft protection for up to 10 years. GRA
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N89-15975" # Howard Univ.,, Washington, DC. Dept. of
Mechanical Engineering.
THE DYNAMICS AND CONTROL OF LARGE FLEXIBLE SPACE
STRUCTURES, PART 11
PETER M. BAINUM, A. S. S. R REDDY, CHEICK M. DIARRA,
and FEIYUE LI Aug. 1988 69 p
(Contract NSG-1414)
(NASA-CR-184770; NAS 1.26:184770) Avail: NTIS HC A04/MF
A0t CSCL 22/2

A mathematical model is developed to predict the dynamics
of the proposed Spacecraft Control Laboratory Experiment during
the stationkeeping phase. The Shuttle and reflector are assumed
to be rigid, while the mass connecting the Shuttle to the reflector
is assumed to be flexible with elastic deformations small as
compared with its length. it is seen that in the presence of
gravity-gradient torques, the system assumes a new equilibrium
position primarily due to the offset in the mass attachment point
to the reflector from the reflector’s mass center. Control is assumed
to be provided through the Shuttle’s three torquers and throught
six actuators located by painrs at two points on the mass and at
the refiector mass center. Numerical results confirm the robustness
of an LQR derived control strategy during stationkeeping with
maximum control efforts significantly below saturation levels. The
linear regulator theory is also used to derive control laws for the
linearized model of the rigidized SCOLE configuration where the
mast flexibility is not included. It is seen that this same type of
control strategy can be applied for the rapid single axis slewing
of the SCOLE through amplitudes as large as 20 degrees. These
results provide a definite trade-off between the slightly larger
slewing times with the considerable reduction in over-all control
effort as compared with the results of the two point boundary
value problem application of Pontryagin’s Maximum Principle.

Author

N89-16413*# Draper (Charles Stark) Lab., Inc., Cambridge, MA.
ON A USEFUL FUNCTIONAL REPRESENTATION OF
CONTROL SYSTEM STRUCTURE
HARVEY L. MALCHOW Dec. 1988 17 p
(Contract NAS9-17560)
(NASA-CR-172109; NAS 1.26:172109; CSDL-P-2844)  Avail:
NTIS HC A03/MF A01 CSCL 09/2

An aiternative structure for control systems is proposed. The
structure is represented by a three-element block diagram and
three functional definitions. It is argued that the three functional
elements f